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ABSTRACT

The report presents a bioeconomc sinulation nodel of the Al askan red
king crab industry for the period 1970-92. A biological stock subnodel is
joined. with. an econom c-market subnodel to predict behavioral responses of
the industry and of crab stocks to a variety of management controls.
Initially, the sinulations are hindcast between 1970 and 1983 to indicate
the potential role of- regulatory policy in this tumltuous fishery. Future
simulations are then conducted to anticipate the role of management policy
on future industry conditions from 1985 to 1992.
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[ NTRODUCT! ON

/is inatransition period, recovering

The- Al askan king crab i ndustry3
froma dramatic boombust cycle. Statew de harvests. began an unprecedented
period of growth in 1969 that continued through 1980. Harvests nore than
tripled, culmnating in record catches of 185.7 nmillion pounds in 1980.
Increased fishing effort in the Bristol Bay fishery management area was
largely responsible for the boom Bristol Bay harvests rose from8.6 mllion
pounds in 1970 to the-record catch of 130 million pounds in 1980. Wthin 3
years, however, the industry collapsed. King crab stocks were so scarce
that the Al aska Departrment of Fish and Gane (ADF&G ordered conplete- closure
of. the Bristol Bay fishery. Statew de harvests plummeted to 26.9 nillion
pounds. An additional 10 million pounds were |lost by 1985 (U.S. Departnment
of Interior 1947-75; Al aska Departnment of Fish and Game 1969-83, 1970-85).

The econom ¢ wake of this collapse has been extensive, involving
virtually every participant in the fishery. Between 1980 and 1983
ex-vessel revenues to fishermen fell by nmore than 50% droppi ng by $93.2

mllion. Processor sales- dropped $178.0 million (a 60% reduction), while

sales from whol esal ers declined by $304.2 mllion (a 66% reduction).

31"King crab" is the common name given to three crustaceans in the
fam ly of stone crabs, Lithodidae. The three species are the red king crab
(Paralithodes cantschatica), the blue king crab (Paralithodes platypus), and
the brown or golden king crab (Lithodes aequispina), Al three species
inhabit waters of the north Pacific CQcean. They are simlar in appearance
t hough noticeably varied in shell color. The red king crab has been the
cornerstone of the Alaskan king crab industry because of its |arge size;
shallow, inshore distribution; and historically greater abundance. The
other two king crab species, though harvested commercially, have been mnuch
| ess abundant and restricted to nore |localized and renmote habitats. Harvest
pressure and commercial inportance of these two species has increased during
the past 6 years principally because red king crab stocks have decli ned;
only limted (primarily incidental) catches were nmade prior to 1981




Miltimillion dollar fishing, vessels were. idled,. others shifted into
different fisheries, processing plants closed and an industry-w de
restructuring comenced.

The significance of the collapse may be placed in perspective by
considering the fact that the- king crab fishery was the second nost val uable,
Al aska seafood industry between 1968 and 1983. Only the conbined val ue of
all six salnonid species harvested in Al aska exceeded that of king crab
(Al'aska Department of Fish and Gane 1969-83). Yet, the statew de king crab
catch rarely exceeded one-third the total catch of salnon, by weight.

The inpact of the collapse extends well beyond the Al askan econony.
Butcher et al. (1981) identified direct |inkages between the shellfish
sector and the econonmy of the Puget Sound area in western Washington. Only
32% of total shellfish revenues were returned to the Al askan economny in
direct purchases of goods and services. Mich of the remaining 68% were
spent in the Seattle area for vessel maintenance and construction, gear and
supplies, and general consunmer goods. Mreover, nost of the processing and
cold. storage- firms- were- based in the Seattle area. The dimnished flow of
processed king crab products to domestic and foreign markets al so caused a
tripling of nominal wholesale and retail prices between 1980 and 1986
(National Marine Fisheries Service 1969-84).

Short of blaming the open access mlieu of this comon property
fishery, specific causes or contributing factors to the collapse nmust be
identified if policynmakers are to contribute to a recovery. Resol ution of
the underlying bioeconomics is essential in this regard. This report is one
in a series of three that collectively conprise a bioeconom ¢ anal ysis of
the Alaskan king crab industry; it simulates industry responses and behavi or

under a variety of historical and future policy scenarios. The second



report (Matulich, Hanson and Mttel hamrer 1988b) exam nes the popul ation
dynami cs of this fishery and establishes the age-structured biol ogica
response subnodels. The third report (Mtulich, Hanson and Mttel hammer
1988a) details the econom c/market subnodels, frominitial harvest to fina
consunption. The research findings contained in theses three reports are
intended to provide insight into future management of the fishery.
Initially, an overview of the conposite bioecononic nodel is presented
as backdrop to subsequent sinulations and policy analysis. The conposite
nodel describes how the Al askan king crab industry has operated for nearly 2
decades. Four general scenarios. then are sinulated to evaluate the response
of crab stocks, fishernen, processors, wholesalers, and consuners to past
and potential future ADF&G management policies. Two of the scenarios focus
on historical information, predicting industry behavior for the period 1977
to 1983. The first historical scenario is designed to establish the overal
goodness of fit of the bioeconomc nodel; industry response to actua
managenent and policy conditions are simulated and conpared to actua
behavior. The second historical scenario explores whether the 1983 closure
of the Bristol Bay fishery might have been prevented had nore restrictive
size limt and season length policies been inplenented. The renaining two
general scenarios forecast the consequences of: 1) six alternative size
limts, and 2) two alternative season length policies for the 9-year period
1984-92. ¥ None of the future sinulation results should be regarded as

opti mal managenment prescriptions. Rather, they illustrate |ikely outcones

“The 1984 sinulation serves to recalibrate the system after the
structural break caused by season closure in the Bristol Bay fishery. Thus
1984 does not represent a true ex ante forecast and is not reported here.
Simulation results are reported only for the 1985-92 period



to plausible management policies, assumng that the behavior of the industry

and the behavior of the biological stocks do not change in some fundanenta

way.
OVERVI EW OF THE BI OECONOM C MODEL
The king crab industry can be viewed in a market equilibrium context
involving supply and demand at two levels of the market: an input or raw

crab market nodel and a final processed product market nodel (Fig. 1).

The explicit interaction between nmanagenent, biol ogy, harvest and the market
for king crab shown in Figure 1 accounts- for the feedback inherent in the
overal | bioecononic systemfor a single year (1 July-30 June). A bDbrief
summary of each conponent is presented bel ow as an overview of this conplex
fishery nmodel. Details pertaining to theoretical underpinnings and
enpirical estimation of all subnodels are discussed in Mtulich, Hanson and
Mttel hanmer (1988a,b).

Managenent provides an external control on industry behavior. The
general managenent objectives of the Al aska Board of Fisheries are twofold
"(1) to establish a stable fishery, insofar as possible, elininating the
extreme fluctuations in catch that have characterized this fishery, and (2)
to devel op and maintain a broad-based age structure of |egal size male king
crab, insuring both breeding success and the availability of a w de spectrum
of year classes to the fishery" (Al aska Departnment of Fish and Ganme 1985).
A variety of managenent regul ations are enployed to achi eve these genera
objectives, including gear restrictions and exclusive registration in
selected fishing areas. However, sex, size, and season length are the
principal regulations that are actively used to nanage the Bristol Bay

fishery. Annual decisions regarding these regulatory controls historically
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have been based on a conbination of one-period-ahead stock forecasts and
intraseasonal industry performance. Fishery policy has never explicitly
recogni zed the dynanmi ¢ market feedback effects among annual harvest policy,
future harvestable stocks, current prices, and future prices.

Figure 2 illustrates the long and conplicated |ags that are inportant
consi derations when fornulating policies to help assure the [ong-run
economi ¢ health of this fishery. The beginning stock of |egal (harvestable)
crab in 1987 is shown to consist of three age classes of male crab:
8-year-old legals (8L), 9-year-olds (9) and 10- to 14-year-olds (10-14).
The recursion illustrated in this figure shows the pass-through or pipeline,
of unharvested | egal (L) and nonlegal (NL) crab in the previous year that
conprise the beginning stock of current year age class. For exanple, both
the current stock of 8L, and of 8NL, were formed from surviving 7, ; the
previous period. Likew se, 9, was formed from 8L, ; and 8NL, ;; 10-14, was
Carrying this recursion back to parenta

forned fron19t_ and 10-14t_

1 1
stocks, 8-year-old recruits in 1987 were created by sexual |y mature parent
stock 9 years earlier (1978). N ne-year-old recruits in 1987 are the
progeny of adult crab stocks in 1977 (10 years earlier). The abundance of
10-year-olds in 1987 are a function of parental stock 11 years earlier, and
S0 on.

This figure clearly illustrates that there are three dimensions to
current period decisions concerning size limt policy that shoul d deternine
the magnitude of 8L versus 8NL. Eight-year-old potential recruit class crab
can have value as: 1) current harvestable stocks, 2) future harvestable

stocks (up to 7 years into the future), and 3) parent stocks of progeny that

can be harvested 9 to 15 or 16 years into the future. Evaluation of the
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Figure 2.--Recursive age structured character of red king crab.



implied biological and econom ¢ tradeoffs is precisely what is required by
the Magnuson Fishery Conservation and Management Act (1976)

The bi ol ogi cal response subnodel for red king crab in Bristol Bay
consi sts of seven estimated recruitment/growth functions and severa
definitional identities. The seven behavioral relationships conbine to form
a recursive, age-structured growh nodel for sexually mature male and femal e
king crab bionmass. The sexes are nodel ed separately to reflect the inpact
of mal es-only harvest regul ations on popul ati on abundance. Primary research
enphasis is given to the mal e equati ons because of this regulation

Three classes of recruitment/growmh relationships are formul ated:

Ricker (1954) spawner-recruit nodels, trajectory adjusted intrinsic
recruitnment (TAIR) nmodels, and growth/nortality nodels simlar to Deriso
(1980). I ndi vi dual single age-class equations are derived for beginning
stocks of 5-, 6-, 7- and 8-year-old nmale snd for 5-year-old fenales
Aggregate cohort equations are estimted for 9- to 14-year-old males and for
6- to l4-year-old fenmales. Statistical significance, overall goodness of
fit and ability of these behavioral equations to predict history are very
good. The beginning stock of legal king crab then is defined as the sum of
all 9- to 14-year-old male crab-and that portion of the 8-year-old nales
allowed to be harvested by the ADF&Gsize linmt. Nonlegal crab are defined
as all sublegal nmales and all females. The conplete biol ogical subnodel is
given in Appendix A along with variable definitions and data sources.

The bi ol ogi cal subrmodel is linked to the nmarket subnodel through a
| agged harvest relationship. Fishernmen provide the primary supply of king
crab by applying harvest effort to the beginning crab stock. Their behavior
is represented by three behavioral relationships: total quantity of king

crab harvested, fishing effort, and fleet size. Total quantity harvested is



formul ated as a production function that depends upon total fishing effort
and the beginning stocks of both |egal and nonlegal crab. The abundance of
legal crab at the start of the next season, in turn, is affected by current
total harvest. Total effort, as neasured by the number of potlifts during
the season, is a function of fleet size, abundance of legal males, and the
current price received (i.e., ex-vessel price). Season length and harvest
gui deline control total harvest through the effort relationship. Fleet size
depends on existing capital stock, abundance of l|egal crab, and seasona
revenue expectations based on the previous season's total harvest revenue.

An ex-vessel price offer function is used to incorporate processors
derived demand for raw crab into the market equilibriumnodel. Fishing
commences when an initial ex-vessel price is negotiated; subsequent price
changes reflect cumul ative harvest and overall crab quality as the season
progresses. The processors' bids or offers take into account expected
whol esal e prices, processing costs, and the costs of fishing. Accordingly,

t he seasonal average ex-vessel price offer relation is nodeled as a
bil ateral monopoly price.

The whol esale market for king crab translates the processors' derived
demand for raw crab into a supply of processed crab that confronts fina
demand for processed crab products. The supply of processed king crab is
nodel ed as an inverse supply relationship linking total processed production
to changes in inventory holdings. A minor quantity of inports are included
as an exogenous injection to total supply. Production indirectly depends on
hol dover inventories, input prices, processing capacity, and nmarket price
expectations through the wholesale price relationship. Inventory holdings

are nodel ed as a conbination of transactional and specul ative notives.
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Consequently, current production, future whol esale price expectations, and
the opportunity cost of holding inventories enter the hol dings equation

Donestic consunption behavior is a function of the wholesale crab
price, the price of a substitute good, and disposable per capita incone;
exports are treated as exogenous. Domestic consunption and export demand
equilibrate with supply through the wholesale price. The conplete narket
subrmodel also is presented in Appendix A

The system of behavioral relationships and structural identities given
in Appendi x A provide the econonmetric basis to sinulate both historical and
future scenarios of the industry. The sinulations not only help establish
the overall accuracy of the econonetric nodel as a systembut al so revea

i nportant insights into past and future managenment of the fishery.

[ NDUSTRY  SI MULATI ONS

Sinulation results are reported in three parts. The results begin with
the historical simulation of actual management policies. The second set of
results addresses the question of whether a different nanagenent strategy
m ght have prevented closure of the Bristol Bay fishery in 1983. The
presentation of results concludes with the future scenarios.

Each of the simulations are solved using the SIMNLIN procedure in the
SAS Institute's econonetric software package (ETS). The SIMULIN procedure
is designed to solve sinultaneous systens of nonlinear equations and to
simul ate the dynamic behavior of the solution over time (SAS Institute
1984). The Newton gradi ent search algorithmwas selected fromthose
available in the SIMNLIN procedure-to solve the equation system (Judge et

al., 1985 p. 955-958).
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Hi storical Sinulation of Actual Management Policies

Testing overall significance and predictive accuracy of a multiequation
nodel systemrequires sinulating actual history using an ex post forecast
(based on actual or observed val ues of the predeterm ned nodel variables) to
predi ct endogenous variable values (Pindyck and Rubinfeld 1981). Solved
rat her than observed val ues of the |agged endogenous variables were used in
all historical and future simulations. |Information generated fromthe ex
post forecast analytically is nore conplicated, but provides a nore robust
evaluation criteria than statistical analysis of individual equations using
R and t tests, and even accuracy of individual predictions. The conmpl ete
bi oecononmic nodel is evaluated on the basis of three general criteria: 1) a
conpari son of observed and predicted values of all endogenous variables in
the sinulated system 2) several fit statistics generated fromthe ex post
forecast, and 3) Theil's (1961, 1966) forecast error statistics.

Table 1 is a listing of historical simulation results based on the
actual nmanagenment regime between 1978 and 1983. The ex post forecast of
each endogenous variable is reported along with the correspondi ng observed
value, which is listed below in parentheses. On average, the forecasts.
deviate less than 10% fromtheir historically observed val ues and accurately
predict turning points in the data

Fi ve commonly used goodness-of-fit statistics are reported in Table 2,
together with the observed nmean val ue for each endogenous variable in the
model .  The observed nmean val ues provide a reference for evaluating each of
the five reported statistical neasures. These five goodness of fit neasures
include: rmean sinulation error (ME), nean percent error (ME%, mean
absolute simulation error (MAE), root nean square percent error (RVBEY, and

sinple correlation coefficient (R). Each statistic is discussed in Appendix



Table: |.--Ex post forecast. results, predicted/ actual.).
Vari abl es 1978 1979 1980
PSECT 4.183 4..0857- 3%..508"

(4.045). (3.401) (3..982)

PMEAT 8.532 8.352 7.541
(9.398) (6.861) (8.412)

WTAVP 4.677 4.672 4.082
(4.673) (3.884) (4.575)

SECTHOLD: 19.842" 21.035 22.850
- (15.148) (13.212) (20.330)
SECTPROD 114.086 135.567 157.032
: (96.395): (136.411) (173.926)
SECTSUP 108.821 134.374 155.217
(104.910) (138.348) (166.808)

SECTCONS 57.014 70.298 106.023
(53.103) (74.272) (117.614)

QHARVUS 140.189 152.911 174.952
(122.498) (153.755) (191.847)

QHARVW: 45.154. 60.005 30.888:
(34.880)" (45.927) (61.899)

QHARVT" 95.0323%: 92.907. 144,064
(87.618) (107.828) (129.948)

POTLIFTS 0.427 C0.371 0.675
(0.406) (0.315) (0.567)

WPUE 222.551 250.638 213.371
(215.721) (342.066) (229.068)

VESSELS 170.036 240.109 273.521
(162.000) (236.000) (236.000)

EXPRT 1.122 1.264 1.114
(1.230) (1.010) (0.900)

AVEXPR 1.202 1.131 1.095
(0.985) (0.934)

(1.270)
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Tabl e- 1.--Continued.

Vari abl es 1981 1982 1983

PSECT 5.532 8:.047 8.934:
(5.554) (8.510). (9.184)

PMEAT 11.909 17.016 18.822
(12.834) (17.596) (18.979)

WTAVP 6.118 9.004 9.289
(6.294) (9.527) (9.675)

SECTHOLD- 12.231 11.005 17..763
(10.202) (11.942) (16.761)

SECTPROD 90.252 37.623 37.666
(80.168) (38.588) (26.647)

SECTSUP 100.871 38.848 30.908
(90.296) (36.848) (21.827)

SECTCONS 77.707 34..694 33.292
(67.132) (32.695) (24.211)

QHARVUS 97.070 40.039 37.772
(86.986) (41.004) (26.753)

QHARVW 68.303. 34.754. 37.772.
(53.282) (38.003). (26.753)

QHARVT 28.767 5.28% 0.000
(33.704) (3.001) (0.000)

POTLIFTS 0.647 0.161 0.000
(0.542) (0.142) (0.000)

WPUE 44.496 32.775 0.000
(62.136) (21.187) (0.000)

VESSELS 234.805 . 94.540 0.000
(177.000) (90.000) (0.000)

EXPRT 1.302 2.954 0.000
(1.500) (3.050) (0.000)

AVEXPR 1.629 3.079 3.213
(1.664) (3.095) (3.213)
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Table |.--Conti nued.

Variables 1978 1979 1980

FEMS 76.581 52.916 22.222.
(88.450) (50.315). (28.710)

FEM614 110.129 176.995 63.989
(110.137) (173.858) (62.237)

FEM514 186.709 229.910 86.210
(198.587) (224.173) (90.947)

MALES 37.326 13.977 22.675
(36.285) (18.762) (26.373)

MALEG 41.724 29.389 16.018
(42.588) (25.956) (21.672)

MALE7 73.000 52.371 34.916
(61.235) (59.911) (31.776)

MALES 101.054 79.400 48.353
(102.907) (84.119) (51.667)

MALE914 204.172 212.857 190.751
(209.140) (226.620) (188.714)

MALES14 457.276 387.995 312.712
(452.155) (415.368) (320.202)

FM514 85377..600 89203.900 26959000
(89792.100) (93114.300) (29121.400)

LEGALS 217.016 222.949 196.896
(222.219) (237.312) (195.281)

NONLEGALS 426.969 394.956 202.026
(428.523) (402.229) (215.868)

QHARDP 21.867 27.032 38.902
(21.242) (35.906) (29.215)

OHTDAY 2159.880 3096.890 3513.760
(1991.330) (3594.270) (3169.470)
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Table 1.--Continued.

Variables 1981. 1982 1983:
FEMS. 26.840: 21.384. 7.036.
(23..055). (22.040})" (5i.365)

FEM614 93.258 57.583 6.318
(91.581) (59..545) (6.454)

FEM514 120.098 78.967 13.354
(114.636) (81.585) (11.819)

MALES: 30.572 34..512: 22...9747
- (29..559) (35..223):; (19..647).
MALEG6: 19.511 23..360 17.614
(24.192): (21.924) (13...608):

MALE7 - 17.174 20.762 12.826
(20.522) (21.515) (12.578)

MALES 28.163 13.069 7.524
(20.496) (14.945) (7.686)

MAILE914 41.740 16.133 0.594
(53.684) (15.245) (3.245)-

MALES14 137..158: 107.835- 61.532:
(148 453). (108..852) (56..764)

FM514 16472.400" 8515..400:- 821.700:
(17018..100) (8880.700) (670..900)

LEGALS 45,319 17.794 1.550
(56.289). (17..145) (4.222)

NONLEGALS 211.937 169.007 73.336
(206.800) (173.292) (64.361)

. QHARDP 2.269 0.966 2.084
(2.7523) (0.786) (2...084)

QHTDAY 309.320 170.480 0.000
(362.410) (96.810) (0.000)
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Table 2. --Ex post forecast goodness of fit statistics.
Mean
Observed: simulation=. Mean- %.
Variables. Units. mean: error: earror
(ME). (MES)..

PSECT $/1lb 5.526 -0.080 -0.208
PMEAT $/1b- 11.685 -0.253 -1.062:
WTAVP $/1b 6.272 -0.129 -0.708
SECTHOLD | mill. lbs 15.894 1.149 11.747
SECTPROD mill. lbs 89.423 2.261 7.668
SECTSUP mill.. lbs: 88.275 2..118. 8.5691
SECTCONS.. mill. 1lbs. 59.360 2.118. 8.344.
QHARVUS: mill. 1lbs: 103.100¢ 2.261 7.316
QHARVW mill. lbs 41.415 2.050 9.248
QHARVT " mill. 1lbs. 61:.724 0.210: 9:..055.
POTLIFTS millions 0.346 0.039 9.490
WPUE lbs/1lift 146.500 14.035 0.160
VESSELS units 147.300 15.590 8.298
EXPRT $/1lb 1.257 -0.006 1.980
AVEXPR $/1lb 1.757 0.016 2.452
QHTDAY 1000 lbs 1433.900 0.973 9.055
QHARDP 1000 lbs 14.549 0.123 1.993
FEMS mill. 1lbs 32.915 -1.773 0.296
FEMé614 mill. lbs 72.613 0.683 1.178.
FEMS514. mill. 1lbs: 105..500" -1.090¢ -0..109:
MALES. mill. lbs. 27.663. -0.769: -3.423
MALEG6: mill, lbs 23.904: -Q. 657 -1.618
MALE? mill. lbs: 31.492. 0.724 1.529-
MAIES: mill. lbs. 41..907 -0.599~ 1.352
‘MALE914 mill. 1lbs. 100..600" -4..778 -20.583
MALES14- mill. lbs: 225.600 -6.079 -2.105
FM514 bill. 1lbs 34.273 -1.631 -2..058
LEGALS mill. lbs 106.000 . -4.854 -17.001
NONLEGALS mill. lbs 225.200 -2.315 0.203
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Mean. Root.

absolute mean

simulation square % Simple:
Variables. Units error error correlation

(MAE) (RMSE%)- (R)

PSECT $/1b 0.307 9.071 0.988
PMEAT $/1b 0.718 10.218 0.985
WTAVP $/1b 0.356 9.154 0.986
SECTHOLD mill. lbs 4,013 30.677 0.352
SECTPROD mill. 1lbs 8.823 18.281 0.978
SECTSUP mill. 1lbs 6.565. 17.051 0.994
SECTCONS mill. 1lbs. 6.565. 16.818 0.982
QHARVUS mill. lbs 8.823 17 .490 0.983
QHARVW mill. 1lbs. 12.347 31.439 0.345
QHARVT mill. 1lbs: 6.594 30.235. 0.985.
POTLIFTS millions 0.049 13.767 0.982
WPUE lbs/1lift 21.612 25.624 0.968
VESSELS units 16.413 14.027 0.978
EXPRT $/1b 0.140 14.888 0.982
AVEXPR $/1b 0.072 9.217 0.995
QHTDAY 1000 lbs 166.600 30.235 0.985
QHARDP 1000 lbs 2.874 19.119 0.932
FEMS mill. lbs 4.075 17.328 0.986
FEMé614 mill. lbs 1.285 3.417 1.000
FEM514. mill.. 1lbs- 4,728 6.716" 0.997
MALES mill. lbs 2.306 13.037 0.937
MALE®6 mill. lbs 3.193 18.184 0.918
MALE7 mill. 1lbs 4.050 12.262 0.966
MALES: mill. 1lbs 2.807 15.294 0.995.
MALE914 mill. 1bs 5.613 35.328 0.998
MALES14 mill. 1lbs 8.904 5.678 0.998
FMS14 bill. 1lbs l1.674 10.683 1.000
LEGALS mill. lbs 5.501 28.018 0.999
NONLEGALS mill. lbs 6.347 6.175 0.999
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B for readers unfamiliar with their usage and interpretation. Additional
detail on each statistic may be found in Pindyck and Rubinfeld (1981).

These statistics generally support the conclusion drawn from conparing
predicted and historical data (Table 1) (i.e., the estimated nodel sinulates
the history of the king crab fishery very well). For exanple, the estimated.
R exceeds 0.980 for 20 of the 29 endogenous variables in the systemwith
only two of the remaining nine equations having sinple correlations bel ow
0.910. There is a strong |inear association between the predicted and
observed values. Only quantity harvested in areas outside of Bristol Bay
(QHARVW and the inventory of processed sections (SECTHOLD) have sonmewhat
weak sinulation fits. QHARVWIis a bal ance equation ensuring market clearing
between total harvest and processed production. Accordingly, it is
absorbing some of the error produced in these other equations. The mediocre
simulation fit of the SECTHOLD equation reflects the weaker underlying
statistical fit. Although sinulation sometimes inproves predictive accuracy
of an equation, SECTHOLD was not enhanced. The poorer fits observed for
these two dependent variables, however, are acceptable in light of the
overal |l predictive accuracy of the sinulation framework.

The third evaluation criterion reinforces the infornation given by the
fit statistics in Table 2. Table 3 is a listing of four statistics
devel oped by Theil (1961, 1966) to evaluate the nodel's ability to forecast
turning points in the data. These four forecast statistics are Theil's
inequality coefficient (U and its three conponents: a central tendency or
bi as neasure (U%, the regression proportion (U) of an optimal Iinear
correction to the forecast, and the disturbance proportion (U) of the

forecast correction. Each statistic is described in Appendix B for readers
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error statistics.

| nequal ity Bi as Regr ess. Di sturb.
Vari abl es (V) (UM (UR ( UD)

PSECT’ 0.063" 0.046- 0.lda4 0.809°
PMEAT 0.067 0.091 0.025 0.885
WTAVP 0,066 0.088. 0.203 0.709:
SECTHOLD 0.306 0.052 0.276 0.672.
SECTPROD 0..108 0.043 0.13% 0.3824
SECTSUP 0.074 0.081 0.440 0.479
SECTCONS 0.113 0.081. 0.373 0.546
QHARVUS 0.094 0.043 0.120 0.838
QHARVW. 0.354 0. 018. 0.440 0.542.
QHARVT' 0.110: 0.001. 0..107 0..893:
POTLIFTS 0.159- 0.376} 0. 288: 0.337"
WPUE 0.194 0.150 0.197 0.652
VESSELS 0.158 0. 350" 0.264- 0.385:
EXPRT 0.106 0.002: 0.030 0.968
AVEXPR 0.047 0.029 0.047 0.924
QHTDAY 0.121 0.000 0.000 1.000
QHARDP 0.253 0.001 0.079 0.920
FEMS 0.130 0.105 0.255 0.640
FEM614 0.018 0.166 0.299 0.535
FEM514 0.045 0.035 0.000 0.965
MALES 0.097 0.078 0.277 0.644
MALE® 0.141 0.034 0.073 0.894
MALE?Y 0152 0..017" 0.192. 0..79%
MALES: 0.068 0..025 0.161 0.814"
MALE914 0.053" 0.423: 0.031 0.546
MALES514 0.044. 0.256. 0..057. 0.687"
FM514 0..047" 0.466" 0.507" 0.027
LEGALS. 0.050" 0.442 0.048. 0.510
NONLEGALS. 0.028. 0.098 0.087 0.815:
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unfam liar with their usage and interpretation. Additional detail regarding
usage and interpretation is available in Folwell et al. (1985).

The inequaiity coefficient estimted for each nmodel equation generally
confirms the high predictive accuracy of the overall framework. Slightly
el evated U statistics on the SECTHOLD and QHARVW equati ons is consi stent
with results fromother goodness of fit neasures. The conbined estinates of
U and U listed in Table 3 are less than 0.5 in all but four variables.
(SECTSUP, POTLIFTS, VESSELS, and FMbl14). Total forecast error (U) for these
four variables, however, is small. Although there is some systemic bias in
forecasting these variables, it appears to be uninportant because tota
error is relatively insignificant.

In conclusion, the bioecononic nodel is quite accurate inforecasting
observed historical data. The estimted framework should provide relatively
reliable and realistic sinulations of alternative historical and future
managenent scenarios so long as no major structural changes occur within the

fishery

Historical Sinulation of an Aternative Managenent Scenario

The estimated bioecononmic framework is used to simulate how the
i ndustry m ght have responded to alternative managenent policies in the late
1970s and early 1980s. This type of sinulation provides insight into how
different regulations mght have affected crab resource availability and
market conditions within the industry.

A variety of sinulations were conducted that focused on nore
restrictive harvest nmanagenent preceding and during the period of rapid
stock declines. It suffices to discuss the results of a single alternative
managenment scenario. In particular, a nore conservative harvest strategy is

simulated for the period from 1978 to 1983. The minimumlegal size limt is
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rai sed to prevent any harvest of 8-year-old males (i.e., SIZELIN& = 0), and
each season is reduced to 80% of its historical length. Al other
predeterm ned variables retain their historical values.

Results fromthe nore conservative size limt strategy are listed in
Table 4. Actual historical values of each endogenous variable are reported
parent hetically bel ow the corresponding forecast value. Estimated tota
harvest revenues for area T in mllion dollars (REV;) also are reported.
Conparison of the forecast values with their historically observed
counterparts suggests that nore conservative nanagenent may have produced
sufficiently abundant |egal crab stocks to preclude the 1983 cl osure.

An inportant inplication of this result is illustrated by Figure 3 in
whi ch forecast and observed harvest revenues are conpared. Revenues to
fishermen woul d have risen in all but one year despite the curtailed
harvests. This finding draws particular attention to the inportance of
mar ket feedback effects of policy instruments designed primarily to manage
the biological stocks. The nore conservative harvest policy woul d have
produced a | arger present value revenue streamto fishernen over the
sinulation period. Using the prime interest rate to. calculate the present
val ue stream of harvest revenues, fishernen would have earned 21.3%
addi tional revenue under the conservative scenario, in contrast to the
actual revenue stream produced during the same period ($410.6 mllion versus
$338.5 mllion, 1978 dollars). The econonmic welfare of fishermen would have
been enhanced even though fewer crab would have been harvest ed.

More conservative nmanagenent al so may have benefitted the whol esal e
market. Donmestic consunption was sinulated to be slightly less than

actual ly observed in 1978, 1979, and 1980. Consunption projections beyond
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Table 4. --Forecast results fronhistorical sinmulation of nore
conservative managenent, predicted/ (actual), 1978-83.

Variables 1978 1979 1980.
PSECT 4.371 4.140 3.162
(4.045) (3.401) (3.982).

PMEAT 8.916 8.521 6.836
(9.398) (6.861) (8.412)

WTAVP 4.905 4.775 3.664
(4.673) (3.884) (4.575)

SECTHOLD 19.683 20.895 23.169
(15.148) - (13.212) (20.330)

SECTPROD 109.838 133.769 165.048
(96.395) (136.411) (173.926)

SECTSUP 104.701 132.557 162.774
(104.910) (138.348) (166.808)

SECTCONS 52.894 68.481 113.580
(53.103) (74.272) (117.614)

QHARVUS 135.941 151.113 182.969
(122.498) (153.755) (191.847)

QHARVW 51.238 66.202 38.475
(34.380) (45-927) (61.899)

QHARVT 84.703 84.911 144.493
(87.618) (107.828) (129.948)

POTLIFTS 0.366 0.295 0.560
(0.406) (0.315) (0.567)

WPUE 231.402 288.169 258.033
(215.721) (342.066) (229.068)

VESSELS 164.334 253.378 314.018
(162.000) (236.000) (236.000)

EXPRT 1.325 1.455 1.145
(1.230) (1.010) (0.900)

AVEXPR 1.342 1.223 1.116
(1.270) (0.985) (0.934)
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Variables: 1981 1982 1983.
PSECT 15.189: 7.754: 9..100"
(5.554) (8.510) (9..184),

PMEAT 11.209 16.419 19..160:
(12.834) (17.596) (18.979)

WTAVD 5.707 8.561 9.507
(6.294) (9.527) (9.675)

SECTHOLD 13..105. 11.506. 17.679.
(10.202). (11.942). (16..761)"

SECTPROD 98.317 43.650 33.456
(80.168) (38..588). (26..647)

SECTSUP 108.380 45,249 27.283
(90.296) (36.848) (21.827)

SECTCONS 85.216 41.096 29.667
(67.132) (32.695) (24.211)

QHARVUS 105.135 46.066 33.562
(86.986) (41.004) (26.753)

QHARVW- 66..182: 33.095 29.551
(53.282) (38.003) (26.753)

QHARVT 38.953: 12.977T. 4,012
(33.704) (3..001) (0.000)

POTLIFTS 0.470 0.206 0.098
(0.542) (0.142) (0.000)

WPUE 82.847 62.919 40.980
(62.136) (21.187) (0.000)

VESSELS 286.629 111.841 70.555
(177.000) (90.000) (0.000)

EXPRT 0.959 2.644 4.736
(1.500) (3.050) (0.000)

AVEXPR 1.468 2.970 3.395
(1.664) (3.095) (3.213)
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Vari abl es 1978 1979 1980

FEMS 76.581 52.916. 225.22716°
(88.450) (50.315) (28..710):

FEM614. 110.129 176.895 63.989-
(110.137) (173.858) (62.237)

FEMS514 186.70¢9 229.910 86.210
(198.587) (224.173) (90.947)

MALES. 37.325. 13..977 22.675:
(36.285) (18.762) (26..373).

MALE6 41.724 29.389 16.018
(42.588)" (25.956) (21.672).

MALE7 73.000 52.371 34.916
(61.235) (59.911) (31.776)

MALES 101.054 79.400 48.353
(102.907) (84.119) (51.667)

MALE914 213.271 232.984 219.881
(209.140) (226.620) (188.714)

MALES14: 466.374: 408.121 341.842
(452.155) (415.368) (320..202)

FM514" 87076.500" 93831..200- 29470.300
{(89792.100)" (93114.300) (29121°..400)

LEGALS 213.271 232.984 2192.881
(222.219) (237.312) (195.281)

NONLEGALS. 439.813 405.048 172.000
(428.523) (402.229) (215.868)

QHARDP 22.441 28.592 46.771
(21.242) (35.9086) (29.215)

QHTDAY 2406.330 3537.950 4405.280
(1991.230) (3594..270) (3169.470)

REVT 112.256 123.526 165.489
(107.771) (108.906) (116.954)
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Tabl e 4 .--Conti nued.

Variables: 1981 1982. 1983

FEMS: 26.840 21.384 7.036
(23.055). (22.040) (5.365)

FEM614 93.258 57.583 6.318
(91.581) (59.545) (6.454)

FEM514 120.098 78.967 13.354
(114.636) (81.585) (11.819)

MALES 30.572 34.512 22.974
(29.559) (35.223) (19.647)

MALES6 19.511 23.360 17.614
(24:.192) (21.924) (13.608)

MALE7 17.174 20.762 12.826
(20.522) (21.515) (12.578)

MALES 28.163 13.069 7.524
(20.496) (14.945) (7.686)

MALE914 71.468 36.376 13.600
(53.684) (15.245) (3.245)

MALES14 166.887 128.078 74.539
(148.453) (108.852) (56.764)

FM514. 20042-.800. 10113.900 995.400
(17018.100) (8880..700) (670.900)

LEGALS 71.468 36.376 13.600
(56.289) (17.145) (4.222)

NONLEGALS 215.517 170.669 74.292
(206.800) (173.292) (64.361)

QHARDP 3.466 2.664 3.037
(2.753) (0.786) (2.084)

QHTDAY 523.560 523.030 573.110
(362.410) (96..810) (0.000)

REVT 37.347 34.290 19.001
(50.556) (9.154) (0.000)
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1980 were at |east 20% greater. The incone streamto processors also would
have had a hi gher present val ue under nore conservative managenent.

Results of this sinulation suggest that the 1983 closure of the Bristo
Bay could have been prevented The industry probably woul d have experienced
a decline, but the destabilizing inmpacts resulting from conplete closure my
have been avoided. Agency nmanagers and policymakers, however, could know
this only in hindsight. There were inadequate tine series data to develop a
bi oecononi ¢ forecast nodel of the type used here

These results should not be construed as the optinmal policy regine.
The long lags in this bioecononm c nodel prevented altering harvest policies.
that woul d have affected parent stocks that spawned the harvestable crab in
1978-83. Accordingly, this simulation represents only the direct,
short-term influence on exploitation. |t does not assess whether the rapid
decline of 1981-83 coul d have been nmitigated by different harvest policies
affecting parent stocks 9 to 16 years earlier. For exanple, the brood
stocks that created the 1981, 1982, and 1983 year classes of MALES8, were
influenced directly by harvest policies in effect during the 1972, 1973; and
1974 fishing seasons. A subset of the parent stocks in 1972 (i-e., the
14-year-ol d age class) was affected by harvest policies as much as 7 years
earlier--in 1965. This sinmulation only considers alteration of managenent
policies beginning in 1978. Different nanagenent during the early 1970s may
have enhanced recruitment in the early 1980s.

Anot her possible linmitation of this scenario centers on the underlying
breeding stock sex ratio. Results fromthe biol ogical nodels suggest that
in addition to managing for total brood stock abundance, the sex ratio of
that stock may influence recruit abundance and thus, harvestable stock

abundance. Maxi mum recruitment in the i-th age class appears to depend upon
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the parent- stock being in proper sex ratio. No attenpt was nade to enforce
an optimal sex ratio.

Simul ation under nore conservative managenent offers insight toward new
directions in the managenment principles and philosophies, that guide the Kking
crab fishery. The historical basis for managing this fishery has been
al nost exclusively biological. Despite statements acknow edging the
di fference between naxi munsustai nabl e biol ogi cal populations and optina
econonic yields, there has been no consideration of dynam c narket feedback
effects between annual harvest policy, future harvestable crab stocks, and
current and future prices. Annual regulations have been based prinarily on
static biological analyses which are akin to one-period-ahead recruit class
assessments. Policy formation should explicitly recognize the extrenely
long and conplex lags that characterize king crab population dynamcs. If
the primary goal of management is to sustain a vital king crab industry,
managenent phil osophi es and design should articulate the dynam c feedback
effects inherent in this conmplex fishery. Healthy crab stocks will nore

l'ikely be achieved in the process.

Future Sinulation of Alternative Mnagenent Policies

Future industry conditions and responsesto alternative managenent
scenarios are sinulated in this section. In particular responses to six
size limt regulations and two fishing season |engths are predicted. The
resultant information provides industry participants with forecasts of how
king crab stocks and markets are likely to respond to various regulations

Al future simulations require nodifications to the estimted
bi oeconomic framework. Modifications are needed for three reasons. First
nunerical solutions to the original equation systemare difficult to obtain

Second, closure of the Bristol Bay managenent unit in 1983 requires
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recalibration of the entire sinulation nodel. Finally, a conplete exogenous
variable data set does not exist beyond 1983. Specific model changes

resulting fromeach of these factors are described in Appendix C

Alternative Size Limit Scenarios

Six alternative size-limt scenarios are simulated for the Bristol Bay
fishery. It is assumed that the size linmt remains constant for the
duration of each sinmulated scenario. The selected size limts (SIZELIM)
reflect exploitation rates of 0, 12.7 (current policy), 25, 50, 75, and 100%
of the 8-year-old males (MALE8,). Season length (DAYS,) is fixed at 7 days
and the harvest guideline (GUDE) is set at 30% of the legal population
(LEGALS,) in all scenarios. The sinulation covers an 8-year period
beginning in 1985 and ending in 1992. The 8-year horizon allows one to
eval uate recruitment of crab in 1992 that was created between the 1984 and
1985 seasons. It illustrates the inplications of current management
decisions on future industry conditions. These inplications have not been
avail able previously to policynakers.

Bristol Bay harvest (CQHARVT,) forecasts over the 8-year sinulation
period are presented in Figure 4 for each of the six size-limt scenarios.
Conpl ete enuneration of this and all other dependent variables is presented
in Appendix D (Tables D.1-D.6). Forecast changes in bionmass, total effort
and market supply follow the same general trends as QHARVT,.

Three general conclusions are suggested by the results illustrated in
Figure 4. First, the king crab industry is forecast to sustain relatively
stable growth through 1990, regardless of size limt policy. Second, choice
of size limt is forecast to cause radically divergent harvest outcomes in
1991 and 1992. Third, policy based on one-period-ahead forecasts that are

driven by recruit class strength and that ignore multiperiod, |ong-term
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consequences of management nay precipitate another industry collapse in the
early 1990s. Each of these results is examined in nore detail bel ow

Total catch is projected to grow from2.5 to nearly 50 mllion pounds
during the first 6 years This period of relatively stable growh can be
divided into three phases: 1985-87, 1988, and, 1989-90. Nearly linear
growth in harvest is projected between 1985 and 1987 due to near constant
recruitnent. In 1988, recruitment is predicted to drop, in part due to a
weak prerecruit class. The final phase (1989-90) is characterized by a
dramatic rise in recruitnment due to good reproduction 9 and 10 years
earlier. Harvest expands under all but the nmpbst restrictive size limt
policies in 1989. A restriction against harvesting any 8-year-old males
causes a slight harvest decline in 1989 primarily due to a buil dup of
nonl egal crab that create crowding inefficiencies. Al scenarios produce
greater harvests in 1990

The radically different harvest forecasts for 1991 and 1992 are
predi cated on the strongest recruit class since 1977, which then supported
the record harvests of 1978, 1979, and 1980. An estimated 87.7 mllion
pounds of crab are predicted to recruit into the 8-year-old cohort in 1991
This represents a threefold increase above the prior year's recruitnent.
Al 1991 harvest expectations exceed those of 1990. However, only the nore
conservative size-limt policies are forecast to sustain that growh into
1992. The nore liberal policies (i.e., those allow ng 50%or nore of the
MALE8, crab to be harvested) immediately extract nore benefits of the strong
recruitnent and permt little pass-through or growh of |egals from
precedi ng years. Wak recruitnent in 1992 results in greatly dim nished
harvest under these liberal policies. |In contrast, nore conservative

managenent supports continued harvest growth due to greater pass-through to
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1992 and greater accurulation of legals that recruited into the fishery
during the preceding years.

The third conclusion calling for a longer-run view of managenent is
inmplied by the nmost liberal size-limt trajectory (i.e., SIZELIM = 1009 .
A liberal size-limt policy would be prescribed based solely on current.
recruitnent since it generates the greatest overall harvest. This libera
policy, however, could trigger conditions simlar to those, of 1982 through
the present. More conservative managenent is expected to support a
significantly larger harvest in the termnal forecast period. \Wether the
conservative size-limt policies would sustain large harvest |evels beyond
the termnal period is unclear fromthis analysis. A downturn may result
beyond 1992 regardless of size-limt policy nore conservative nmanagenent
mght only delay a downturn. The historical sinulations, however, suggest
nore conservative managenent might |essen the extent of collapse, if a
downturn were realized

Such insight 9 or nore years into the future is essential if
policynakers are to account for |ong-term consequences of current period
managenent inherent in the popul ation dynamcs of king crab. Policy
prescriptions derived from one-period-ahead forecasts fail to consider. the
dynami ¢ forces influencing legal stock abundance.

Care should be used in evaluating these forecast results in the context
of managenent policy formulation. As with all econonetric sinulation
model s, forecast accuracy and confidence di m nishes as the forecast horizon
|l engthens.  An additional factor that is intimately related to the estimted
bi ol ogi cal subnodel further notivates cautious use of the 1991 and 1992

proj ecti ons. The dramatic fluctuations in harvest predicted for these 2

years stemfromthe |large recruitnment of MALES, crab forecasted for 1991



33

This large recruitnent may be overly optimstic. The 1991 MALES, forecast
is derived fromlow male and fermal e brood stock densities 9 years before
(i.e., adult stocks in 1983). This brood stock |evel corresponds to a point
on the 8-year-old recruitnment production surface which is regarded tenuous
(Matulich, Hanson and Mttel hammer 1988b). The projected harvests in 1991
and 1992 may be overstated. Moreover, the underlying biological nodels are
limted by few degrees of freedom Since there is no way to verify the
forecasts, any conclusions based upon them nust be considered prelimnary
and utilized with sone caution. The linmitations noted above suggest that
the- long-range forecasts shoul d-be updated annually to better guide the
policy process. Successive forecasts will help to refine future projections
and, thus, future policy recommendations. The phil osophy that managenent
recommendat i ons ought to recogni ze explicitly the dynam ¢ feedback effects
that characterize this fishery is inescapable, given the population dynam cs
of the fishery.

Translation of future harvest forecasts into present value revenue
streams that are expected to confront fishermen illustrates one aspect of
the econom ¢ consequences of nmnagenent. Using the prime interest rate
(INTR) to estimate the present value revenue stream a conparison of the
harvest revenue streans generated under each size limt policy is presented
in Table 5 for three different forecast horizons: 1985-92, 1985-91, and
1985-90. The revenue stream corresponding to the full sinulation period
(1985-92) reveals remarkable stability despite the divergent catch |evels.
The 1985-92 revenue streans differ by only 2.4% across all policy scenarios.
The nost conservative policy yields the greatest revenue stream totaling
$997.6 mllion (1985 dollars). Exploiting 75% of the 8-year-old males

generates the |owest present value at $974.1 nmillion. Both the ranking and
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Table 5.--Present value (1985 dollars) of harvest revenues by size limt for
three different forecast horizons (revenue in mllion dollars).

Present value by size limt

For ecast

hori zon 0% 13% 25% 50% 75% 100%
1985-92 997.6 991. 3 985. 7 977. 4. 974.1 976.9
1985-91 663.0 691.0 718. 4 774.6 830.5 885.1

1985-90 486. 1 495. 4 504.3 521.7 538.5 554. 7
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absol ute revenue: amounts for the 1985-92 period are closely linked to they
price elasticities of this fishery. The revenue inpacts of exaggerated
harvests |ike those predicted for 1991 and 1992, are nuted through the.

mar ket pl ace; |arger harvests translate into |ower ex-vessel prices. These
results further highlight the inportance of considering the feedback between
prices and quantities when evaluating alternative nmanagenent policies.

The revenue rankings and policy inplications change quite dramatically
if the forecast horizon excludes 1992. The nost l|iberal policy (i.e.
SIZELIM = 100% produces the |argest revenue stream when using an 8-year
forecast horizon (1985-91). The conservative strategy is projected to be
the least profitable over the 7-year period. The nost |iberal harvest
yields a revenue stream 33% greater than the nost conservative strategy.
Reducing the forecast horizon by an additional year (1985-90) utilizes a
termnal period that is linked to a potentially nore robust recruitnent
forecast. Two conclusions are evident from this shortened horizon. First
the nost conservative harvest policy yields the | owest present val ue incone
stream  Second, the percentage difference in revenue streans between the
high and | ow harvest scenarios is |ess than one-half that of the 1985-91
sinulation period.. This ranking is unchanged if the horizon is reduced even
further (e.g., 1985-89).

Col lectively, these alternative horizons produce revenue rankings that
highlight the policy relevance of longer-run forecasts. Wthout the 1992
information, these results would favor liberal size-linit managenent
Conversely, if the 1992 forecast is approxinmately correct, the conservative
plan yields the greatest return and maintains larger ending stocks of adult
king crab that may avert another collapse. Uncertainty about the 1991 and

1992 predictions argues for a conservative policy posture. Initia
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conservation may provide a nmeasure of' safety. that allows time for nore
information to be developed, and for inproved and updated long-terrn
forecasts. Little is sacrificed in the short termgiven the relative
simlarity in revenues during the first three periods.

It is inmportant to renenber that none of the alternative policy
scenarios considered should be construed as optinmal, for the same genera
reasons discussed under "Hi storical Sinmulation of an Alternative Managenent
Scenario." There is also no reason to believe that the size linmt should be
fixed at any single level over time. Such pure strategies fail to account
for feedback effects between the biological resource base and the market for
king crab. Consider, for exanple, the inplications of harvest |evel on
fishermen revenues that were derived fromthe ex-vessel price elasticities
given in Mtulich, Hanson and Mttel hanrmer (1988a). H gh harvest levels
suppress fishermen revenues according to these results. It follows that
conservative size-limt policies, at least under abundant stock conditions
(e.g., 1990), will increase the revenue streamto fishermen. Optim
control of this fishery is likely to involve varied size-limt policies over

time which offer potential long-termgains to the various participants

Al ternative Season Length Scenari os

Two alternative season |ength (DAYS,) scenarios are simulated for the
period from 1985 to 1992. One scenario utilizes the same constant season
length assumed in the size-limt scenarios. A constant season |ength
policy, however, is unrealistic given fluctuating resource abundance. Thus
a bi omass-dependent season length is used as a contrasting alternative.
This alternative uses a decision rule based on the harvest guideline

(QUDE) , as given by Equation (1).
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If GQUIDE <= 10, then DAYS = 7.0;

else if GUIDEt > 10, then DAYS = 7.0 + 0.1(GJIDE - 10)

As the harvest guideline increases beyond the 10 million pound baseline

| evel , seasons length expands in proportion. Admttedly, this alternative is
somewhat arbitrary, but it serves: to highlight the inmpact of varied season

| ength on harvest, fishing effort, and narket conditions within the

industry. A constant size limt is inposed in both scenarios whereby 25% of
the MALE8, age class is legally harvestable. The harvest guideline again is
set at 30% of the legal population.

The nejor difference in the forecasts generated fromthese two
scenarios centers on fishing effort and the harvest sector. Table 6 is a
conparative listing of season |ength (DAYS), harvest (QHAPVT), potlifts
(POTLIFTS), fleet size (VESSELS), and weight per potlift (WPUE) projections
for each scenario over the period 1985 to 1992. Conplete results are
reported in Appendix D (Table D.3 for the constant scenario and Table D.7
for the variable scheme).

Harvest in area T and total potlifts are forecast to increase as the
season lengthens. In contrast, fleet size and potlift efficiency both
decl i ne. These results suggest that season |length can be used to alter the
cost of fishing and regulate fleet size within the industry. They also
denonstrate that short seasons conbined with relatively I|arge |egal
popul ations require fleet sizes that previously have not existed. Season
length will need to be |onger when the nunber of vessels is limting.

In summary, these results illustrate the diverse opportunities

available within the fishery for alternative nanagenent strategies. These



38

Table 6. --Conparative forecasts of harvest sector dependent variables for
the two future season length sinulations, 1985-92.

Year:

Variables- 1985. 1986.- 1987 1988
Constant DAYSt Scenario::
DAYS 7.000 7.000 7.000 7.000
QHARVT 2.529 g9.215 21.299 32.153
POTLIFTS 0.063 0.103: 0.153 0.207
VESSELS 53.616 63.731 86.706 ) 113.024
WPUE 40.142 89.689 139.445 155.598
Yariable DAYSt Scenario:
DAYS 7.000. 7.000 7.664 8.207
QHARVT 2.529 9.215 21.612 ©32.795
POTLIFTS. 0.063. 0.103 : 0.157 0.216.
VESSELS 53.616 63.731 86.706. 112.599

89.689 137.842 151.895

WPUE 40.142




Table 6. --Conti nued.
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Year

Variables 1985 1986- 1987 1988
Constant DAYSt Scenario:

DAYS 7.000 7.000 7.000 7.000
QHARVT 35.398 48.235 63.861 90.102
POTLIFTS 0.253 0.356 0.499 0.744
VESSELS 137.753 194.620 281.028 462.188
WPUE : - 140.015 135.339 127.865 121.126
Variable DAYSt Scenario:

DAYS 8.451 9.084 9.523 10.066
QHARVT 35.905 49.352 65.057 91.846
POTLIFTS 0.265 0.382 0.540 0.815
VESSELS 136.447 192.436 275.246 448. 443
WPUE 135.257 129.127 120.490 112.665
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simulations do not begin to exhaust the array of possible alternatives that
can be considered. They only serve to docunent the inportance of
integrated, long-term evaluation of nmanagenent inpacts on this lucrative
shel I fish industryOptiml nanagement prescription over tine requires
casting the entire bioeconomc analysis into a discrete-time contro

framewor k.

SUMVARY

Results reported in this study denonstrate the policy significance of
dynam c feedback effects inherent anobng the king crab resource base,
conmerci al harvest, and processed product markets. A nosaic of conplex
interrelationships anmobng crab stocks, fishing effort, ex-vessel prices,
processed production, inventory hol dings, wholesale prices, and donestic
consunption defines the proper decision making context of this industry. A
9-year horizon is the minimal tinme frane needed to eval uate antici pated
i npacts of current harvest nmanagenent actions on future recruitnent into the
| egal population. Mreover, effective management requires eval uating
infornmation on both price and quantity signals that are expected to
predonmi nate when progeny of the current adult population recruit into the
commercial fishery. The dynamic effects and interaction of these quantity
and price conponents are of singular inportance inguiding the fornulation
of king crab fishery policy.

The Al aska Board of Fisheries acknow edges the inportance of econonic
considerations in their king crab resource management policy:

The policy of the Board of Fisheries is to manage the Al aska king

crab fishery in a manner that establishes stability and

elimnates, as much as possible, extreme fluctuations in annua

harvest that have at times characterized this fishery. The Board

recogni zes that this policy will not nmaxi m ze physical yield
because maxi mum physical yield will not necessarily produce the
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| ong-term optimmecononic yield (A aska Departnment of Fish and
Gane 1985, p. 13).

Unfortunately, neither the anticipated current price effects of management,
nor the long-term biological or economic inpacts of harvest regul ati on have
been fornally used by the Board to evaluate and i nplenment policy. Analysis
of nmpbst mmnagenent regi meshas been restricted primarily to review of past
fishery performance or expected stock conditions for the upcom ng harvest
season. Policymekers and resource managers have not been able to
incorporate the long-run dynanic interactions of prices and quantities into
policy fornulation because historically they have |acked the necessary
anal ytical tools, timer series data, and enpirical nodels to do so. The
bi oecononmi ¢ framework devel oped in this study can begin to fill this
information gap. It provides the needed |inkage between prices and
quantities at all levels of the industry to guide future nanagenent in a
manner consistent with the Board's policy. It further affords an
opportunity to evaluate alternative policy goals.

The bi oecononic nodel is used to sinmulate two historical scenarios and
seven future scenarios based on alternative ninimumsize linmt and season
| engt h managenent policies. The first historical sinulation is an ex post
forecast of the industry for the period 1977-83. The purpose of this
simulation is to evaluate the nodel's overall goodness of fit, which is
excel | ent. The second historical forecast assumes a nore conservative size
limt and season length policy than was actually inplemented. This
simlation suggests that nore restrictive managenment mnight have prevented
the 1983 Bristol Bay fishery closure, although the harvest still would have
been quite small, reflecting in part managenent policies 9-16 years earlier
The future sinulations covered the period 1985-92. Six different size-limt

policies ranging fromtotal harvest protection of 8-year-old males (MALES)
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to conplete exploitation of MALE8 crab are analyzed. Protecting al
8-year-old males from commercial harvest not only results in the nost
abundant adult biomass in the termnal forecast period (1921), but also
generates the |argest present value revenue streamto fishermen (based on
1985 dollars). This result however should be regarded as sonewhat
tentative given the nature of the nodel and data lintations. The season

length variation illustrates how effort would change as the harvest period

| engt hens.
CONCLUSI ONS

Bi oeconomi ¢ nodeling of the Al askan king crab industry yields the
fol l owing points.
1. Recent closures nmight have been preventable.
2. The industry is likely to recover fromthe current decline.
3. The path to recovery may |lead to near record harvests as
early as 1991, then either to a viable fishery beyond or

col | apse.

4. 1t may be desirable to harvest adult fenmale king crab
under certain circumstances.

5. Mninumsize limts on adult males probably should not be reduced
during periods of |ow abundance or |ow recruitnent

Hi storical simulation of a nore conservative management strategy than
was actually observed over the period 1977-83 suggests the 1983 Bristol Bay
closure may have been prevented. Conplete protection of all 8-year-old
mal es from commercial harvest and shortened seasons nmight have led to
increased net survival and recruitnent into the |egal population. Harvests
inthe initial simulated periods (1978 and 1979) were projected to be | ower
under stricter size-limt policy, while substantially |arger catches were

predicted for 1980-83. Mre inportantly, interactions between supply and
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demand translate the conservative harvest policy into higher estinated
seasonal harvest revenues in all but one year (1981). The conservative
regime yielded a present value revenue stream $72 nillion larger (21%
greater) than actually realized. Al though fewer crab woul d have been caught
in the- first few years, revenues would have been higher and at |east some
harvest coul d have been sustained over the entire forecast horizon

Recovery of the industry fromcurrently depressed conditions is |ikely.
Each of the six alternative size-limt scenarios project generally
increasing |egal abundance and harvest through 1991. Market conditions are
expected to absorb this growth, supporting fairly high ex-vessel and
whol esal e product prices. |t appears the potential exists for another
i ndustry boom to occur in the late 1980s and early 1990s.

How | ong the boom | asts depends upon how wel| the projected recovery
can be sustained. Wether the recovery endures hinges upon the willingness
of resource managers and decision nmakers to fornulate a policy perspective
not less than 9 years into the future. Only then will the inmpact of actions
today be translated into anticipated price and quantity signals that will
predonminate as the progeny recruit into the fishery. Significantly different
harvest outcomes are predicted for the terminal simulation period (1992).
These differences stemfrom projected variations in 8-year-old abundance in
1991. \Whereas one might advocate a liberal size-limt policy based on
forecasts for the first 7 years (1985-91), a conservative policy would
appear nore judicious when sinulation is extended to the termnal future
period (1992). Forecasts less than 9 years into the future cannot account
for the dynami c feedback effects of proposed policies, and therefore will
not provide essential infornation on predictable biological and market

ramfications of managenent.
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A nal es-only harvest policy nay have been destabilizing and prevented
the industry fromachieving its econonmic potential (even under the record
harvest of 1980). The biol ogi cal models suggest that reproduction
efficiency may be optinal only when sexually mature male and fenmale crab are
in proper ratio. The inplied optinmal sex ratio changes as adult nale and
femal e stocks fluctuate. [f further research confirns this concl usion,
managenent policies should be fornulated to achieve and nmintain near
optimal ratios. Commercial harvest of adult fermales may conplicate the
pricing structure for raw and processed crab, but failure to manage for the
optimal sex ratio may perpetuate instability and dimnish financial returns
to industry participants.

The research reported here provides sonme insight into a contenporary
i ssue being discussed by regulators and participants in the king crab
fishery. Resource managers, fishermen, and processors are currently
debating whether minimumlegal size limts should be reduced when crab
popul ati ons may be experiencing increases in natural nortality. Sone argue
that nmore liberal regulations should be allowed because "the crab will die
anyway." Results from the future alternative size-limt sinulations.
challenge the propriety of this argument. Less restrictive managenent not
only m ght exacerbate depressed stock conditions resulting fromincreased
nortality, but also may reduce future revenue streans to both fishermen and
processors. It would appear that nmore research on both sides of this debate
is desirable before size-limt policy is substantially changed.

This research illustrates that conplex, open access resource industries
are anenable to bioecononic nodeling and sinmulation. There is little
di fference between econonetric nodeling of nmost agricultural commodities and

many renewable resources. The fact that king crab reside nore than 100
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fathoms bel ow the ocean's surface conplicates, but does not preclude, the
model ing of supply. It is this |linkage between the biol ogical resource and
market interactions that is crucial to effective and successful managenent

of common property resources.
LI M TATI ONS

This research represents the first conprehensive bi oeconom ¢ study of
the Alaskan king crab industry. As such, it should not be regarded as
definitive in any aspect--fromthe biol ogi cal subnodels to the market
subnodel s.

The-nmost serious problem encountered during the course of this research
centered on data. |nadequate and inconplete tinme series data not only
caused considerable noise in the parameter estinates, but also prevented
structural nodeling of several sectors within the industry that undoubtedly
influence the king crab narket. These sectors include harvest outside
Bristol Bay; the export market for king crab products; and all aspects of
meat production, storage, supply, and consunption. These conponents
admttedly were perceived to be considerably less inmportant in understanding
how crab resources get allocated, but their treatment as exogenous factors
is a deficiency of the nodel

Harvest fromall other areas (QHARVW clearly represents nmore than a
market clearing residual catch. Unfortunately, the abundance of nissing or
questionabl e data precluded nore conpl ete structural specification
Managenent agencies nust begin to enforce conplete and accurate reporting of
harvest and ex-vessel price data on fish tickets. They also nust be nore
thorough in editing and reporting data in a standardized and tinely fashion

This will greatly enhance future research efforts, and lead to nore
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effective policy formation. The inportance of Japan as a demand source for
frozen king crab sections also warrants further research and nodel effort on
the export nmarket.

Limted data availability also created problens in nodeling biologica
response of the older age class cohorts. For exanple, it would have been
desirable to specify the 8-year-old nmale (MALE8) recruitnment function with
the sane Trajectory Adjusted Intrinsic Recruitment (TAIR) framework used in
the 6- and 7-year-old male relationships. Unfortunately, there were
insufficient time series observations on MALE8 biomass to use that
structure. The MALE8 equation should be reestimated as nore data becone
avail abl e. In fact, this is true for all the biological relationships.
Estinmates of this recursive, age-structured franmework can be used with
greater confidence as nore observations are obtained. The additional data
also will enable estimation of the biological subnbdel as a systemin which
certain paranmeters are shared across cohorts. It is inperative that
Nati onal Marine Fisheries Service resource assessment surveys be maintained
to provide the necessary data for effective policy analysis.

Perhaps the greatest linitation of the biological nbdeling centers on
the conposite 6 to 14-year-old female cohort. N ne female cohorts were
aggregat ed because historically they have been unaffected by nmanagenent.
The conclusion that there may be a density dependent optimal sex ratio,
however, is a compelling reason to disaggregate this cohort. Future
research is needed to develop female nobdels that parallel the male nodels.

Absence of wholesale market data (e.g., prices and inventory holdings)
for 1984 and 1985 during the estinmation phase of this research prevented
analysis of the industry beyond 1983, and created nunerical difficulties in

simulating future conditions. A structural break occurred in 1983 due to



47

closure of the Bristol Bay harvest area. Since this break was in the
termnal period of the analysis, it was not possible to nodel industry
response following the break. Structural adjustment factors had to be used
to recalibrate the nodel for the future management scenari os. It would have
been better to incorporate this structural change explicitly rather than
recalibrate the nmodel. Consideration should be given to reestimating the
behavi oral equations as additional data becone avail abl e.

No inference should be made regarding optinmal managenent trajectories
over time. Such trajectories are critical to fornulating policies that
maxim ze the welfare of fishery participants. This bioecononm c nodel
however, provides the basic foundation for future analysis concerning
optimal control of the Alaskan king crab fishery. Updating the nodel wth
data that are now available, and resolving the preceding limtations is the
first step towards devel oping the requisite control framework.
Representation of the highly nonlinear biological subrmodel in a sinpler
nunerical formalso may be critical to devel oping both a feasible contro
theoretic analysis of this multicohort fishery, and an optiml managenent
regi ne.

Despite the various limtations, this research now provides fishernen,
processors, resource managers, and policymakers with inportant insights into
the behavior of this open access fishery. The bhioeconom ¢ franmework al so
gi ves policymakers a means to evaluate future managenment alternatives.

Whet her the underlying nodel accurately simulates the future will be known

only in hindsight.
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APPENDI X A

ECONOMETRI C MODEL OF THE ALASKAN RI NG CRAB
| NDUSTRY: BI OLOd CAL SUBMODEL AND NMARKET
SUBMCDEL. EQLJATI ONS AND VARI ABLE; DEFI NI TI ONS



53

I. Biological Subnodel

(-0.03458 FEMS514, .

MALES_ = 4.1775 FEMS14___ e (A.1)
(4.98) (-9.74)
+ 0.00004497 FM514, . - 0.001696-MALES14 . + 0.70734:IND77)
(6.27) (-1.53) (6.20)
2
R® = 0.9402 df = 7
1.50104  (-0.03458 FEM514 .
MALE6_ = 0.51185 [FEMS14, . e , (A.2)
(0.44). (2.35). (-2.20)
+ 0.00005303. FM514, _, - 0.00714 MALES14, _, + 0.56673 IND77), MALE52;52434
(2.09) (-2.63) | (0.80)
2
R = 0.9486 df = 4
, 2.42368  (-0.05442 FEM514__g
MALE7_ = 0.05833 [FEM514__g e (A.3)
(18.32) (5.76). (-5.07)
: 0.33399°
+0.00008292. FM514; . - 0.01132 MALES14 . - 0.70835 IND83) MALEG )
(4.77) (=5.62): (-2.40)- ) (1.70)
2
R = 0.9864 . df = 3.
MALES_ = 1.16117 MALE7, , + [0.40034 cos(5.83152 TIME7O (A.4)
(16.77) (3.54) (595.18)
- 3.52198)] MALE7__, - 8.99610 IND83
(-23.80) (-3.05)

R2 = 0.7921 daf = 12



54

MALE9l4t = 1.03582(MALE8t_ ) {A.3)

{15.34)

+ (MALE914_ . - QHARVT _

1 1 1

+ (26.48835 cos(5.83152 TIME70 - 3.52198)) - 33.24420 INDS1
(8.26)- . (595.18)" (-23.80)  (=0.97)

+-13.46790 IND84

(7.52)-

2 .
R® = 0.9431 df = 11

(-0.02328 FEMS14___ + 0.01578 FMS14___
FEMS_ = 2.57521 FEMS14___ e (A.6)
(2.40) (-8.57) (1.03)
- 0.0016988 MALES14, _ + 1.04231 IND7779)
(=0.69) (7..05)

2

R® = 0.9415 af = 7
(-0.03939 FEM514_ .
FEM614_ = [7.83914 FEMS14__ e (a.7)
(6.95) (~25.06)
+0.00004421 FM514, _ - 0.0038566 MALES14__.)  (0.01061 FEME14 )
(3.97). (=3.34) e (13,63

(~1.04467 IND78 + 1.17412 INDSL - 1.52166- IND83).

e
(-15.56) (12.43) (-=1.99)

2

R°= 0.9979 Qf = 4
= + 14 )

FEMS14,_ = FEMS5_ + FEM6l4_ (A.8)
MALES14_ = MALES_ + MALE6_ + WALE7, + MALES_ + MALES14_ (A.9)

FM514t = FEM514t MALE514t (A.10)
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= IZELIM_ MALES8  MALE914
LEGALSt- (s + t) + N

\ =" 1 + A 4. - LE
NONLEGALSt' (FEM5¢4t: MALES1 t) a..GALSt

‘ II.. Markert:. Submodels:

Raw’ Crab Market:

.7 - - . -
QHARVTt = 4,12996 LEGALSE‘OGB?Z'NONLEGALStO'35Jll POTLIFTSi'SSBzS
(1.50) (11.80) (-3.69) (5.08)
2 ‘ _ .
R™ = 0.9748 df: =11
POTLIFTS£ = 0,001001 [(EXPRT; GUIDEi)omJ737l"(VESSELS£)0'76095‘
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(DAYS )2'29166 (LEGALS );0'12653] - 0.18699 IND79
(3.80) (-2.22) (=4.74)
2 ) _
R® = 0.9813 S df. =9
(3.,77003..'4-"0"..00602;EXPRT‘&_l QHARVTt_l
VESSELS% = e- ' ’
(37.88) (3.37)"
+ 0.00318 LEGALS_ + 0.00212 VESSELSf_l - 10.35191 IND83)
(5.88) (2.01) (=0.03)
2
R = 0.9957 df = 9

QHARVW% = (SECTPRODt + MEATPRODt) - QHARVTt

QHARVUS = QHARVT  + QHARVW,_

(A.14)

(A..15)

(A.16)

(aA.17)
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WPUE_ = QHARVT_ / POTLIFTS,

QHTDAY

. (QHARVTt / DAYSt) 1000°

(QHARVT, . QHTDAY )’ (QHARVW:  QHWDAY
. o B

QHARDP_ / PLANTS  +

QHARVUS_. QHARVUS:_
. (o8

EXPRT% = =0.34479 + 0.52485,WTAVPt_l

(-1.705) (9.856) (=3.249):

- 11.91756 i'NTRt +~l.96136.FUELt~-»0-00039-WPUEt - 5.20270 IND83-

(=4.515). (4.857) (-0.312) (-=14.356)
2
R = 0.9809 af = 7
(BXPRTt QHARVT )  (EXPRW_ QHARVW )
AVEXPR_ =

+
t QHARVUSt QHARVUSt

Processed Product Market

PSECTt ='Ip18130“+*0v01646%SECTSURt +-l.93266?AVEXPRt

(4.193).  (1.872). (1.227)
- 0.06724 QHARDP; - 5.16925 INTR_ + 0.21348 PSECT, _,
(=0.916) (-0.753) (0.391)
2 :
R = 0.9726 af = 8

PMEAT, = -1.77354 + 2.03793 PSECT, + O,2é495'LABORt
(-2.169)  (7.536) (1.038)

R2 = 0.9704 df = 12

/ PLANTS_

- 0.01075- QHARVT,

(A.18)

(A.19)

(&.20)

(R.21).

(A.22)

(A.24)
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SECTHOLD,_ = -4.20879 + 0.13502 SECTPROD_ + 3.53861 PSECT, (A.25)
(=5.95) (5.89) (3.08)
- 0.38722 PSECT__, - 12.37973 (PSECT_ INTR) - 4.25953 IND73
(-0.33) (~1.88) ' (-3.93)
2. .
R = 0.9449 af = 8
SECTPROD,_ = SECTCONS_ + SECTEXP_ + SECTHOLD (A.26)

- SECTHOLD - SECTIMP
t-1 t

SECTSUPt = SECTPRODt + (SECTHOLDt_i -'SECTHOLDt) ' (A.27).
WTAVPt":((PSECTt SECTSUPt) + (PMEATt MEATSUPt))t) (A.28)
/ (SECTSUPt + MEATSUP
SECTCONSt= -61.76014 - 21.87475 PSECTt + 36.40434 PLOBt (A.29)
(-4.687) (-6.536) (2.143)
/

+ 0.01675 INC_ - 18.77098 IND74
(2.477) (=1.617)

R® = 0.9031 4f = 10
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[1l.  Variable Definitions

Vari abl e

nane

Definition

Dat a
source

Endogenous Vari abl es:

Bi ol ogi ca

Response Subnodel

MALES

MALEG

MALE7

MALES

MALE914

MALE514

Bi omass (million pounds) of 5 year old nale red and
king crab (95-109 nm carapace length) in the

sout heastern Bering Sea at the start of the ADFG
regulation year (1 July). Derived by multiplying
the estimated number of n-year-old males by 1.77

Bi omass (million pounds) of 6-year-old nale red
king crab (110-119 nm carapace length) in the
sout heastern Bering Sea at the start of the ADFG
regul ation year (1 July). Derived by nultiplying
the estimated number of 6-year-old males by 2.52

Bi omass (million pounds) of 7-year-old nmale red
king crab (120-129 mm carapace length) in the

sout heastern Bering Sea at the start of the ADF&G
regulation year (1 July). Derived by nultiplying
the estimated number of 7-year-old males by 3.31

Bi omass (million pounds) of 8-year-old nale red
king crab (130-139 nm carapace |length) in the

sout heastern Bering Sea at the start of the ADF&G
regulation year (1 July). Derived by multiplying
the-esti mated number of 8-year-old nales by 4.27

Aggregate bionmass (mllion pounds) all 9- to
14-year-old male red king crab (139 nm car apace

l ength) in the southeastern Bering Sea at the

start of the ADF&G regulation year (1 July).

Derived by multiplying the estimted nunber of

9-, 10-, Il-, 12-, 13- and 14-year-old males by 5.24,
6.25, 6.97, 7.67, 8.42 and 9.17, respectively:

then sunmming these weight equivalent val ues.

Aggregate biomass (million pounds) of all adult
mal e red king crab (ages 5 to 14) in the

sout heastern Bering Sea at the start of the ADF&G
regul ation year (1 July). Derived by summ ng
MALE5, MALE6, MALE7, MALE8 and MALE914.

14



Vari abl e
name

Definition

Dat a
source

FENb

FEM514

FENMb14

FMb14

LEGALS

NONLEGALS

Bi onass (million pounds) of 5-year-old female red

king, crab (95-104 mm carapace: length) in the

sout heastern Bering Sea at the start of the ADFG

regul ation year (1 July). Derived by multiplying
the estimated nunber of 5-year-old fenales by 1.45.

Aggregate biomass (mllion pounds) of. all. 6- to
14-year-old female red king crab (>104 nm carapace
length) in the southeastern Bering Sea at the start
of the ADF&G regulation year (1 July). Derived by
mul tiplying the estinated nunber of 6-, 7-, 8-, 9-,
10-, 11-, 12-, 13- and l4-year-old females by 1.72,
1.91, 2.10, 2,31, 2.53, 21.73, 3.00, 3.20, and 3.40,
respectively; then summing these weight equival ent
val ues. .

Aggregate bionmass (mllion pounds) of all adult
female red king crab (ages 5 to 14) in the

sout heastern Bering Sea at the start of the ADF&G
regul ation year (1 July). Derived by summ ng FEMb
and FEM514.

The product of MALE514 and FEMb14 in the south-
eastern Bering Sea neasured at the start of the
ADF&G regul ation year (1 July) in trillion Founds.

Bi omass; (mllion pounds) of legally harvestable
mal e, king crab as deternined by mninmm size
limt in the southeastern Bering Sea for the
ADF&G regul ation year 1 July-30. June. Derived
fromthe sumof all MALE914 crab and that portion
of MALE8 crab that are legally harvestable.

Bi onmass (million pounds) of all adult king crab,
that are not legally harvestable in the

sout heast Bering Sea during the ADF&G

regul ation year 1 July-30 June. NONLEGALS is
derived as the difference between all adult
king crab (i.e., MALE514 + FEMb14) and the

l egal |y harvestabl e biomass (LEGALS).

Harvest Sector of MNarket Subnodel

QHARVT

Total seasonal donestic southeastern Bering Sea
(Bristol Bay) king crab harvest (mllion pounds)
for the ADF&G regulation year 1 July-30 June.

14

14

14
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Vari abl e
name

Definition

Dat a
source

POTLI FTS

VESSELS

EXPRT

WPUE

AVEXPR

QHARVW

QHARVUS

QHTDAY

Total seasonal potlifts nade by fishernen
harvesting king crab in the southeastern Bering
Sea (Bristol Bay) reported on an ADF&G

regul ation year basis (1 July-30 June) in
mllion potlifts.

Total seasonal fleet size harvesting king crab
in the southeastern Bering Sea (Bristol Bay)
reported on an ADF&G regul ation year basis

(1 July-30 June).

Seasonal average ex-vessel price ($/pound) paid
to fishermen harvesting king crab in the

sout heastern Bering Sea (Bristol Bay) for the
ADF&G regul ation year 1 July-30 June.

Seasonal average. |egal biomass of king crab
harvested per potlift (i.e., weight per unit
effort) in the southeastern Bering Sea (Bristo
Bay) during the ADF&G regul ation year 1 July-
30 June. Derived as the quotient of QHARVT
and POTLI FTS.

Seasonal weighted average ex-vessel price ($/ pound)

paid to fishernen harvesting king crab in al
registration areas for the ADF&G regul ation year

1 July-30 June Derived as the average of EXPRT

and EXPRW (an exogenous variable) weighted by
their respective seasonal harvests: CQHARVT and-
QBARVM

Total seasonal domestic king crab harvest
(mllion pounds) from all areas outside the

sout heastern Bering Sea for the ADF&G regul ation
year 1 July-30 June

Total seasonal donestic king crab harvest
(mllion pounds) fromall US. waters for the
ADF&G regul ation year 1 July-30 June

Seasonal average king crab biomass harvested
donestically per day fromthe southeastern

Bering Sea (Bristol Bay) for the ADF&G regul ation

year 1 July-30 June. (HTDAY is derived as the
quoti ent of QHARVT and season length in the
sout heastern Bering Sea (DAYS). The quotient
is multiplied by 1,000 to calibrate QHTDAY in
1,000 pounds per day.

14

14

14
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Vari abl e
name

Definition

Dat a
source

QHARDP

Seasonal average king crab biomass caught
donestically per day per plant for all Al askan
harvest areas for the ADF&G regul ation year 1 July-
30 June. (HARDP is derived as the average of QHTDAY
and QHVWDAY (an exogenous variable) weighted by CQHARVT

and QHARVW respectively then divided by the exogenously
determ ned total nunber of king crab processing plants

operating in A aska (PLANTS). This variable is
reported in 1,000 pounds per day per plant.

Processed Product Sector of Market Subnpde

PSECT

PVEAT

SECTCONS

SECTHOLD

SECTPRCD

Seasonal average New York whol esal e market price
($/pound) for frozen king crab sections corresponding
to the ADF&G regulation year 1 July-30 June. PSECT
is the sinple average of reported nonthly prices.

Seasonal average New York whol esal e market price
($/pound) for frozen king crab neats corresponding
to the ADFf&G regul ation year 1 July-30 June. PMEAT
is the sinple average of reported nonthly prices.

Total seasonal U S. domestic consunption of frozen
king crab sections for the ADF&G regul ation year

1 July-30 June. SECTCONS is calculated as the sum

of domestic section production (SECTPROD) and inports
(SECTIMP) less section exports (SECTEXP) and change
in stock holdings (SECTHOLD ., - SECTHOLDG). Al
quantities are reported on a live weight equivalent
basis (1 pound of processed sections = 1.67 pounds of
raw king crab) in mllion pounds.

Total domestic season ending cold storage hol di ngs

of frozen king crab sections for the ADF&G regul ation
year 1 July-30 June. SECTHOLD is derived from

nmont hl'y hol di ngs data and reported on a |ive weight
equi val ent basis (1 pound of processed sections =
1.67 pounds of raw king crab) in mllion pounds.

Total seasonal U S. production of frozen king crab
sections for the ADF&G regul ation year 1 July-

30 June. Annual processed king crab production
data provided by the ADF&G i s used to determ ne what
percentage of all production (on a |live weight

equi val ent basis) is in the section form This
percentage is then nultiplied by total donestic
seasonal harvest (QHARVUS) to estimate seasona

14

14
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Vari abl e
nanme

Definition

Dat a
source

SECTSUP

WIAVP

section production. SECTPROD is reported on a live
wei ght basis in million pounds

Total seasonal domestic. supply of frozen king crab
sections to U.S. whol esale markets for the ADF&G
regulation year 1 July-30 June. SECTSUP is derived
as the sum of donestic section production (SECTPROD)
plus the change in stock holdings (SECTHOLD, , -
SECTHOLD) on a live weight equivalent basis in
mllion pounds.

Wi ght ed average seasonal New York whol esal e nar ket
price ($/pound) for both frozen king crab sections
and nmeats corresponding to the ADF&G regul ation year
1 July-30 June. WIAVP is the average of section
(PSECT) and neat (PMEAT) seasonal whol esale prices
wei ght ed by donmestic section (SECTSUP) and neat
(MEATSUP) supplies to U S. whol esal e narkets.

Exogenous Vari abl es:

TI ME70

GUI DE

DAYS

FUEL

LABCR

PLOB

A linear tine counter beginning with one in 1970
and increasing by unit increments each year.

Seasonal king crab harvest guideline (mllion
pounds) for the southeastern Bering Sea (Bristo
Bay) ADF&G managenent ar ea.

Total season length (in days) for the southeastern
Bering Sea (Bristol Bay) king crab harvest.

Third quarter prime interest rate charged by banks
as reported by the U S. Federal Reserve

Seasonal average diesel fuel price ($/gallon) paid
by farnmers in Washington for the ADF&G regul ation
period 1 July-30 June. FUEL was derived as a
sinple average of reported nmonthly average prices.

Annual average wage rate paid to food and ki ndred
products workers in Al aska ($/ hour).

Annual U S. ex-vessel price index for Anerican
| obster (1967 = 1.00).

Annual U. S. per capita, disposable income (nom ma
$/ person).

14

14

11

10
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Vari abl e
nanme

Definition

Dat a.
source

EXPRW

MEATPROD

MEATSUP

MEATHOLD

QHVDAY

PLANTS

Seasonal average ex-vessel price ($/pound) paid to
fishermen harvesting king crab in areas other

than the southeastern Bering Sea (Bristol Bay) for
t he ADF&G regulation year 1 July-30 June. EXPRWis
derived as an average of ex-vessel prices fromthe
ot her harvest areas weighted by total catch

Total seasonal U S. production of frozen and canned
king crab neats for the ADF&G regul ation year 1 July-
30 June. Annual processed king crab data provided
by ADF&G is used to deternine what percentage of al
production (on a live weight equivalent basis) is in
the meat form This percentage is then multiplied
by total donestic seasonal harvest (QHARVUS) to
estimate seasonal neat production. MEATPROD is
reported on a live weight equival ent basis (1 pound
of processed nmeats = 4 pounds of raw king crab) in
mllion pounds.

Total seasonal donestic supply of frozen and canned
king crab neats to U S. wholesale markets for the.
ADF&G regul ation year 1 July-30 June. MEATSUP is
derived as the sum of domestic neat production
(MEATPROD) plus the change in meat stock holdings
(MEATHOLD,.;, -MEATHOLD) on a live weight equival ent
basis in mllion pounds.

Total donestic season ending hol dings of frozen and
canned. king. crab-neats for the ADF&G regul ation year
1 July-30 June MEATHOLD is derived from nonthly
hol di ngs data and reported on a live weight
equival ent basis in mllion pounds.

Seasonal average king crab bionass harvested
donestical ly per day outside the southeastern
Bering Sea (Bristol Bay) managenent area for the
ADF&G regul ation year 1 July-30 June. QHWDAY is
derived as the wei ghted average of quantity
harvested per day in each of the non-Bristol Bay
managenment areas. The average is reported in

t housand pounds per day.

Annual nunber of plants processing raw king crab
in Al aska.

14
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Vari abl e Dat a
name Definition sour ces
SECTEXP Total seasonal U.S. export of frozen king crab sections 12

for the ADF&G regulation year 1 July-30 June. SECTEXP
is reported on a live weight basis, mllions of pounds.

SECTI MP Total seasonal U S. inport of frozen king crab sections 13

fromthe Soviet Union, for the ADF&G regul ation year
1 July-30 June. SECTIMP is reported on a live weight
basis, mllions of pounds.

Data sources are as follows:

1.

10.

Al aska Departnent of Fish and Gane. "Catch and Production Leaflets."
Commercial Fish. Dv., Juneau, AK, 1969-83.

Al aska Department of Fish and Game. "Report to the Al aska Board of
Fisheries." Unpublished report, Commercial Fish. Dv., Juneau,
AK, 1970- 84.

Al aska Departnment of Fish and Game. Summaries of Confidential
Processor Annual Reports to ADF&G  Unpublished data. Conmerci al
Fish. Dv., Juneau, AK, 1969-83.

Commercial Fisheries Entry Commission. "Ex-vessel Price Database."
Unpubl i shed comput er dat abase, Juneau, AK, 1970-84.

National Marine Fisheries Service. "Bristol Bay Trawl Survey Age/
Carapace Length Conposition for Red King Crab." Unpublished
conput er dat abase, Northwest and Al aska Fish Cent. Seattle, WA
1969- 83.

Nati onal Marine-Fisheries Service. "Current Fisheries Statistics."
Washington, D.C., various years.

National Marine Fisheries Service. "Economc Database.” Unpublished
conputer database, Northwest and Al aska Fish. Cent., Seattle, WA
1969- 83.

U S. Bureau of Labor Statistics. "Enployment and Earnings, States and
Areas." Bulletin. Washington, D.C., various years.

U S Department of Agriculture. "Agricultural Statistics."

Washington, D.C., various years.

U S. Department of Commerce. "Econonic Report of the President.”
Bureau of Economic Analysis, Washington, D.C., various years.



11.

12.

13.

14

U S

U S

U S

65

Federal Reserve Board. "Survey of Current Business." Washington,
D.C., various issues.

Bureau of Census. "U S. Exports Schedule E, Comodity by
Country." Washington, D.C., FT 410, various issues.

Bureau of Census. "U. S. Ceneral Inports Schedule A, Comodity
by Country." Washington, D.C., FT 135, various issues.

Derived from other variables within the nodel.
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Use and Interpretation of Sinmulation
Fit and Forecast Statistics

Mean Sinulation Error (ME), Mean Percent Error (MEY%, and Mean Absol ute
Error ( MAE)

ME neasures the average error conmitted in predicting the
dependent variable (i.e., it is the nmean deviation of the predicted
variable fromits observed time path). M%is the percentage
equivalent to ME. Both ME and ME% approach zero as the average
deviation declines. These statistics also can approach zero if large
positive errors are offset by large negative errors. Small ME and ME%
therefore, may not accurately reflect the overall goodness of fit for a
given equation. Low error estimtes are necessary but not sufficient
to denonstrate a good statistical fit. Additional statistical neasures
al so nust be eval uat ed.

MAE "corrects" for the effect of positive and negative errors
canceling one another. This statistic nmeasures the average deviation
in absolute value between a sinulated variable and historically
observed data. It represents the nomi nal nagnitude of ME and al so nust
be eval uated relative to observed magnitudes of the dependent variable
(e.g., the observed nean). For exanple, the MAE of PSECT is estimated
to be $0.307 per pound (i.e., the predicted value of PSECT devi ates
from the observed value by an average of $0.307 per pound). |f PSECT
averages $0.500 per pound, the degree of error is large and the fit is
poor. On the other hand, if the mean of PSECT is $5.526 per pound (as
observed here), the estimated relationship predicting PSECT is

relatively accurate
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Root Mean Square Error (RVMBEY and Sinple Correlation Coefficient (R
Both ME and MAE depend on the units used to nmeasure the dependent
variable. Neither statistic allows for objective conparison of
different equations within the nodel system RVBE% and R, however, are
unitless neasures that can be used to evaluate different equations
within the system RMSE% conceptually is the average distance between
the vector of predicted values for a given dependent variable and the
vector of actual values expressed as a percentage of the observed
vector in Euclidean space. Predictive accuracy of the equation
i nproves as RVBE% decreases. Alternatively, R neasures the degree of
linear correlation between the predicted (Y,) and observed val ues (Y,)
of the dependent variable. Perfect linear correlation occurs between
Y, and Y; when R = 1.0. The degree of linear correlation degenerates
as R approaches zero. A strong linear correlation does not necessarily
inply a near perfect fit, but it does provide a relative neasure of

predictive accuracy.”

YTheil (1961, p. 31-32) pointed out the linitation- of using sinple

correlations to evaluate the forecast accuracy of a nodel system

perfect (positive) correlation does not inply perfect
forecasting, but only the existence of an exact linear relation

with positive slope between the individual predictions (Y;) and
the actual values (Y;),

ﬂ —a+BY, B>0,

whereas perfect forecasting requires, in addition to this,
a=0and B=1
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3 Theil's Forecast Statistics

Theil derived an inequality coefficient (U ranging between zero and
one to neasure the absolute difference between sinulated and observed val ues
of the dependent variable. The original specification of this statistic is

2 Ability of the nodel to predict turning points in an

reported here.
i ndi vi dual equation inmproves as the inequality coefficient for that variable
approaches zero.

Theil's U statistic is deconposable into three conponents that

necessarily range between zero and one and by definition sumto one: a

central tendency or bias neasure (U%, the regression proportion (U) of an

21/
Theil actually developed two inequality coefficients. The initial

version is given by (1) and reported in Table 3.

T -~
U= [((1/T)( I (Yi_-Yi)z))l/Z]/[((l/T)(

1=1. ’ 1

T
L (v.)%))1/?
=1 1.

] (1)

T corresponds to the nunber of forecasted observations. The second version
resenbles. (1) but contains an additional additive square root termin the
denomi nat or .

T,.2
(((1/T) (2 (Y.)7))

. i

i=1

2y (2)

This second statistic has the same general interpretation as (1). If u =1,
the sinulation is the worst it can be; when U =0, it signifies a perfect
fit. Conclusions regarding the use of Y;.; to predict V, differ between the

two formulations when the inequality coefficient equals 1.0. \Wereas U = 1,
estimated from (1) inplies that a naive, no change extrapolation using Y,

is as accurate as Y; in predicting Y, this inplication does not follow from
the revised statistic (see Theil 1966).
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optimal linear correction to the forecast, and the disturbance proportion
() of the- forecast correction. The combined val ue- of U"and UR represents
systemc error in the forecast whereas UD measures that portion of mean
squared prediction on error that is due to random di sturbances. |ldeally, al
forecast errors should be attributable to this random disturbance term (W)
with systemic error (i.e., U U) equal to zero. Systemic error rarely is
zero, but should be as close to zero as possible because the average
predicted forecast deviates fromthe observed nean condition as systemc
error increases (Theil 1966, p. 32). Systenmic error indicates that

forecasts are erring consistently in the same direction (either positively

or negatively) in predicting Y, and suggests that the equation is missing

an inportant explanatory el enment.
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I mproving Numerical Solution Efficiency of the Mdel

Initial efforts to sinmulate alternative future policy scenarios were
confounded by the highly nonlinear structure of the sinultaneous equation
system  Convergence on a stable solution to this conplex system was
difficult; the large nunber of endogenous variables appearing as explanatory
el ements of the nodel conplicated gradient search. Nunerical solution was
assisted by replacing the market conponents of the structural nmodel with a
partially reduced form Reduction of the bioecononic nodel involves only
t he market conponents because the harvest sector is segmentable fromthe
rest of the nodel. This reduction inproves nunerical solution efficiency by
creating a nunerically equivalent, but algebraically nore sinple system
Sinmultaneity is reduced w thout changing the solution space.

The reduction process begins by expressing the entire market side of
the nodel in terns of the wholesale price of king crab sections (PSECT,) and
predeterm ned variables. PSECT, however is a function of average
ex-vessel price (AvVEXPR), average quantity harvested per day per plant
( QHARDP and several predeternined variables. AVEXPR and QHARDP, , in
turn, can be expressed as nonlinear functions that include the segnentable
QHARVT, (a constant in this case) and QHARWY (the market clearing harvest
comng from all other fishing regions). In fact, these two wei ghted average
values (i.e., AVEXPR and QHARDP,) can be reduced to functions of only
QHARWY and predetermined variables. It follows that all quantity and price
equations can be expressed as functions of Q—lAR\/\/\/t But QHARVW is sinply
SECTPRODI— QHARVT, . Substituting in a Value for the segnentable Q—IAR\/'I't
(e.g., the 1984 observation of 1.851) yields an identity for QHARWY in

terms of SECTPRODt Solving this identity simultaneously with the SECTPRODt
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equation and substituting the resultant value for QHARVWY back into each of
the other equations, yields the fully reduced formof this system
Unfortunately, the highly nonlinear character of the SECTPROD equation
precludes finding an explicit algebraic representation for SECTPROD, and
QHARWY in reduced form Therefore, a partially reduced form invol ving
AVEXPR, and QHAPDP, as expl anatory endogenous variables in each of the
mar ket equations is conbined with the harvest and resource equations to
similate future policy scenarios. This process is now presented explicitly.
The original estimated equations (excluding indicator variables) and

definitional identities are given by Equation (C.I.a.-e).y

SECTCONS = -61.76014" - 21.87475 PSECT, + 36.40434: PLOB_ (C.1.a)
+ 0.01675 INC_ + ADDCON
SECTHOLD, = -4.20879 + 0.13502 SECTPROD_ + 3.53861 PSECT_ . (C.1.b)
- 0.38722 PSECT__, - 12.37973 (PSECT_ INTR ) + ADDHOLD
SECTEXP,_ = 0.199 SECTCONS. (Cil.c)
[N [

SECTPROD = SECTCONS, + SECTEXP, _ + SECTHOLD _ --SECTHOLD __.. (C.1.4)
- SECTIMP

t
SECTSUR_ = SECTPROD, + (SECTHOLD__. - SECTHOLD ) (C.1.e)

Structural adjustrment factors are included in the estinmated market

relationships. (i.e., SECTCONS, and SECTHOLD, (ADDCON and ADDHOLD,

respectively)) to recalibrate the simulation franework followi ng the 1983

¥Indicator variables are given zero values in all future sinulations
and can be deleted from the partially reduced form
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Bristol Bay closure. Though the structural break caused by closure is
included via indicator variables in the estimted nodel, response of the
industry follow ng the closed season (i.e., 1984) could not be nbdel ed.
These adjustment factors recalibrate the sinulation framework to accurately
predict observed 1984 conditions and nust be included in the partially
reduced form

Careful observation of (Cl.a-e) reveals that the five quantity market
relationships (i.e.,. SECTCONS,, SECTHOLD, SECTEXPt. SECTPRC]?. and

SECTSUPR,) can be expressed as functions of the whol esale price, exogenous

4/
variabl es, |agged endogenous variables, and structural adjustment factors
The reduction process begins by solving (Cl.a-e) in terns of PSECT, and
predeternmined variables. A series of substitutions and al gebraic
substitutions yields five equations
SECTCONSt = =61.76014 - 21.87475 PSECTt + 36.40434 PLOBt - (C.2.a)
+ 0.01675 INC_ + ADDCON
SECTHOLD, = -16.42475. = 0.00309- PSECT - 14.31216 (PSECT,_ INTR;) (C.2.b)
- 0.44766. PSECT, , + 6.81341. PLOB,_ + 0.00313 INC_

—-0.15610.(SECTHOLDt_l + SECTIMP ) + 0.18716 ADDCON
+ 1.15610. ADDHOLD
SECTE.‘XPt = -12.29027 - 4.35308 PSECTt +-7.24446 PLOBt (C.2.c)

+ O.OO333.INCt + 0.199 ADDCON

“1t is assumed that the United States will not inport king crab
sections in the future; hence, SECTIMP, can be dropped from the SECTPROD
identity.
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SECTPRODt = =-90.47516 - 26.23092 PSECTt - 14.31216 (PSECTt INTRt) (C.2.4d)

- 0.44766 PSECTt + 50.48221 PLOBt + 0.02321 INCt

-1

- 1.15610 (SECTHOLDt_l + SECTIMPt) + 1.386l16 ADDCON

+ 1.15610 ADDHOLD

SECTSUP, = -74.0504] - 26.22783 PSECT, + 43.64880 PLOB, (C.2.¢)

+ 0.02008 ING - SECTIMP, + 1.199 ADDCON

The next step is to elimnate PSECT, from the market equations. The
original estimated relationship for PSECT, is augnented by a structural

adj ustment factor (ADDPSECT).

PSECT, = 1.18130 + 0.01646 SECTSUP, + 0.21348 PSECT, , (C.3)

- 5.16925 INTR + 1.93266 AVEXPR - 0.06724 CQHARDP, + ADDPSECT

This equation can be expressed as a function of the average ex-vessel price
AVEXPR) , average quantity harvested per day per plant (CQHARDP,), and
several predeterm ned variables by replacing SECTSUPt in (C3) with the

ri ght-hand expression of (C 2.e).

PSECTt = -0..02599.+ 0.50172 PLOB, + 0.00023 ING - 0.01149 SECTI M>, (C4)
t 0-01378 ADDCON + 0.14912 PSECT,.,, - 3.61086 INTR + 1.35001 AVEXPR

- 0.04697 (HARDP, + 0.69853 ADDPSECT

Substituting the right-hand side of (C. 4) into (C 2.a-e) for PSECTt
produces a partially reduced formof the narket subnobdel in ternms of average

ex-vessel price (AVEXPR), quantity harvested per day per plant (QHARDPR,),

and predeterm ned variables.
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SECTCONSt = -61.19152 + 25.42940 PLOBt + 0.01170 INCt (C.5.a)
+ 0.25144 SECTIMPt + 0.69853 ADDCON - 3.26202 PSECT,_ 1
+ 78.98658 INTRt - 29.53121 AVEXPRt + 1.02741 QHARDPt

- 15.28010 ADDPSECT

SECTHOLD, = -16.42467 + (6.81186 - 7.18065 INTR,) PLOB,_ (C.5.b)
+ (0.00313 - 0.00330 INTR ) INC_ - (0.15606 ~ 0.16451 INTR )

SECTIMP, + (0.18712 - 0.19725 INTR ) ADDCON - (0.44812

+2.13427 INTR ) PSECT__, + (0.01115 + 0.37204) INTR_

+ 51.67914 INTRi‘- (0.00417 + 19.32161 INTR_) AVEXPR_

+ (0.00015 + 0.67221 INTR ) QHARDP, - (0.00216 + 9.99742 INTR)

ADDPSECT - 0.15610 SECTHOLDt-l + 1.15610 ADDHOLD

SECTEXPt = ~12.17711 + 5.06045 PLOBt + 0.00233 Ith (C.5.¢)
+0.05004 SECTIMP_ + 0.13901 ADDCON - 0.64914 PSECT,

+15.71833 INTR_ - 5.87671 AVEXPR_ + 0.20445 QHARDE,_

- 3.04074 ADDPSECT

SECTPROD, = -89.79330 + (37.30171 - 7.18065 INTR) PLOB, (.5.9)

+ (0.01716 - 0.00330 INTRt) INCt - (0.85459 - 0.16451 INTR,)
SECTIMPt + (1.02465 - 0.19725 INTRt) ADDCON - (4.35929

+ 2.13427 INTRt) PSECTt + (94.71606 + 0.37204) INTRt

-1
+ 51.67914 INTRi - (35.41209 + 19.32161 INTRt) AVEXPRt

+ (1.23201 + 0.67221 INTRt) QH.ARDPt - (18.32300 + 9.99742 INTRt)

ADDPSECT - 1.15610 SECTHOLDt_l + 1.15610 ADDHOLD



77

SECTSUP, = -73.36863 + 30.48985 PLOB_ + 0.01402 INC, (C.5.e)
- 0.69853 SECTIMP  + 0.83753 ADDCON - 3.91117 PSECT 1
+ 94.70491 INTR_ - 35.40793 AVEXPR_ + 1.23187 QHARDP

. [ N

- 18.32084 ADDPSECT:

Al remaining simultaneity can be elimnated by replacing AVEXPRt and
QHARDP, with expressions involving only QHARVW. However, the resulting
equations are extremely conplex, nonlinear relationships that are difficult
to solve. Consequently, the partially reduced form equations given by
(C.5.a-e) are used to replace the original estinmated narket relationships
and identities in order to sinmulate future alternative nmanagenent
strategies

The partially reduced form produces a secondary benefit. It provides
insight into the solution properties of the equation system  The system has
three solutions to any given set of exogenous and |agged endogenous
variables. Two of the solutions are unrealistic. One predicts negative
harvest, while the other produces unlimted catches. The third solution,

however, provides realistic sinmulations relative to history.”

Model ing the 1983/1984 Structural Break
Reopening of. the Bristol Bay king crab fishery in 1984 was acconpani ed
by revised expectations and behavioral adjustnents throughout the industry.
Accordingly, simulating the future requires that these revised expectations

and adj ustnents be incorporated into the bioeconom c franmework.

I'n nost instances the realistic solution is obtained in the
si mul ation process. When one of the other solutions is derived, carefu
selection of starting values for the QHARVW variabl e generates the
appropriate solution path.
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Unfortunately, a conplete set of econonic data did not exist to explicitly
nodel the adjustments nade by fishernmen, processors, whol esalers, and
consuners to the greatly reduced supply situation. Linited 1984 data
however, are used to recalibrate the nodel, thereby shifting the
trajectories of each system conponent based on a 1984 starting point.

Structural adjustnment factors are developed to recalibrate the system
These adjustnent factors are akin to indicator variable shifters--the
di fference being they were calculated algebraically as constant correction
paraneters rather than estinmated using regression analysis. The factors
reset the bioeconomc nodel to predict the 1984 observations. Once
calibrated to 1984, the nodel can be used to sinulate 1985 and beyond The
simul ations, however, are prem sed upon the necessary assunption that the
sanme underlying structure characterizing the industry prior to 1984 persists
into the future

Four structural adjustnent factors were added to the bi oeconom ¢ npdel
Three factors altered the narket trajectory while the fourth adjusted the
primary supply framework Adjustment paranmeters were derived for the
whol esal e section price (PSECT,), sectionconsunption (SECTCONS,), and the
processed sections stock holding (SECTHOLD) structural equations based on
the difference between the predicted and actual 1984 observation of section
production (SECTPROD). This linkage was possible because SECTPROD coul d
be expressed as a |inear conbination of PSECT, (an inverse market supply
function), SECTCONS,, and SECTHOLD,. The supply side factor was
incorporated directly into the ex-vessel price (EXPRT,) offer equation
(i.e., EXPRT, was recalibrated to accurately predict the 1984 observation).

The structural adjustment factors altered the correspondi ng behaviora

equations by constant anounts: PSECT, was increased by 2.373 while
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SECTCONS;, SECTHOLD,, and EXPRT, were decrenented by 28.499, 1.531, and 2.16

respectively. These factors have the same general interpretation as a
mul tiperiod, intercept shifting indicator variable in that they alter al

1985-92 predictions of the selected variables by specific, constant amounts.

Estinmation of Exogenous Variable Data, 1984-92

Sinmul ation of future conditions in the king crab industry requires data
for all exogenous variables in the system Future values for all eight
exogenous variables are actually estinated. Five tine-dominated variables
that are unaffected by changes in the king crab industry are nodeled in an
extrapol ative context. Three industry-related variables that were exogenous
in the historical context are nodel ed endogenously for future sinmulation. A
fourth exogenous industry-related variable was assumed proportional to an
endogenously conputed variable. Remaining exogenous industry-related
vari ables pertain to king crab neats which are assumed to be zero in the

" The only remaining exogenous variables relate to managenent and

future.®
are- treated as control variables for future simulations. The eight
esti mated equations and one proportional relationship are now presented

along with them underlying rationale.

%Pprocessors and whol esal e brokers in Seattle indicate that narket
prices for the |abor intensive nmeats are expected to be so high relative to
sections that limted secondary neat processing will be adequate to satisfy
consuner denands. Accordingly, it was assuned there will be no primary neat
production in the future, and thus all neat variables (i.e., production
(MEATPROD,), hol dings (MEATHOLD,), domestic whol esal e supplies (MEATSUR,),
exports ( MEATEXP,), and the average whol esale price (PVMEAT,)) are given zero
values in the future sinulation data set.
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Ex-vessel Price Index for Anerican Lobster (PLOB)
This variable is a unitless index reported by the National Marine

Fi sheries Service in the annual Current Fisheries Statistics. The i ndex

qguantifies how domestic ex-vessel prices for Anerican |obster have changed
relative to a base year (1967). It is nodeled here as a linear function of
the year (YEAR) and |agged ex-vessel price index (PLOB,.;). The ordinary

| east squares (OLS) estimate is given by (C. 6).

PLOB,= -213.66320 + 0.10893 YEAR + 0.32439 PLOB: -1 (C.6)
(-2.252) (2. 255) (1.126)
R> = 0.9826

Predictions derived from (C. 6) for the period 1984-92 were entered directly
into the sinulation data set. PLOB.; was retained in the equation despite
the low t-value. The | agged price index inproved the ability to predict the
historically observed data. Since the equation was used nerely to forecast

future val ues, goodness of fit was the nost inportant choice criterion.

U S. Per Capita Disposable Income (ING)
Per capita disposable incone in the United States (nom nal $/person)
was assunmed to be a time trended variable. The sane general structure used
for PLOB, provided excellent historical predictions of ING. Mre
specifically, per capita disposable income was nodel ed as a linear function
of the year (YEAR) and average disposable incone in the previous period

UNC, _,) . The OLS estimate of this relationship is givenin C7.

INC = -260518.61 + 132.61324 YEAR + 0.80921 ING , (C.7)
(-2.349) (2.350) (7. 256)

R’ = 0.9962
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Future income, values forecast from (C 7) were added to the sinulation data

set.

Food and Kindred Products Wage Rate in Al aska (LABOR)

The average hourly wage rate ($/hour) received by food and kindred
products workers in Alaska has tended to increase systematically over tine.
The wage rate is specified here as a linear function of the year. (YEAR). A
relationship including |agged wage rates (LABOR._;) also was estimated but
did not predict history with greater accuracy. Therefore, sinple QLS
extrapol ati on based on tinme was chosen to generate the necessary data

predictions.

LABOR = -731.01752 + 0.37293 YEAR (2.8)
(-18.10) (18. 36)
R = 0.9629

Data projections for 1984-92 were derived from (C. 8) and inserted into the

simul ation data set.

Irime Interest Rate (INTR)

The third quarter average prinme interest rate charged by banks (INTR)
was initially estimated as a sinple linear extrapolation over tine. This
specification ignored the cyclic nature of interest rates. Consequently, an
alternative fornulation incorporating a periodic (sine and cosine) function
of time was chosen to predict annual average third quarter interest rates
for 1985 through 1992. An index initialized at 1.0 in 1970 and increasing
by unit increments each subsequent year was used as the tine variable

(TI MET0) . Two indicator variables also were included to renove the
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i nfluence of the 1981 (DUMB1l) and 1982 (DUMB2) observed rates.
Uncharacteristically high rates were observed these two years. The
nonli near |east squares estinmate of the interest rate relationship is given

by (C.9).

INTRt = 0.09242.-~ 0.02225"cos (5.94465. TIME70. - 4.74470)- (C.9)-
(16.95) (-=2.66) (93.28) (-6.75)

+ 0.00944 sin(2.35946 TIME70. - 5.36951) + 0.08849 DUM81

(1.26) (17.00) (-3.71) (3.44)

+ 0.04256 DUMBZ2’
(1.67)

R2 = 0.8421

Though several t-values were low, this fornulation produced the nost
accurate historical predictions of | NTR, and was selected to estimte
future interest rates. These projections of INTR were added to the

simul ation data set.

Di esel Fuel Price (FUEL,)

The seasonal average diesel fuel price paid in Washington ($/gallon)
initially was estimated as a linear function of time. This approach
generated inaccurate historical predictions and unrealistically large prices
over the sinulated tinme period. A nore suitable approach was chosen |inking
fuel price to the consumer price index for all items (CPlI). Future fuel
prices were estimated as a linear function of |agged fuel price (FUEL.,)

adj usted by the average annual change in CPl observed between 1979 and 1984



83

(assuned to be the nobst representative of future price changes). The

average annual change was 1.0625.
FUEL, =-1.0625 FUEL,., (C 10)

Future, values of FUEL, derived from (C 10O were inserted into the simulation

data set.

Average Ex-vessel Price Qutside Area T (EXPRW).

Ex-vessel price in the other areas (measured in S/Ib) was estimted as
an inverse harvest supply function. Fishernen likely will expand harvest
outside area T (QHARWY) if the ex-vessel price they receive is higher.
Simlarly, if the ex-vessel price offered in area T (EXPRT,) increases,
fishermen probably will enlarge QHARVW only if EXPRW rises. Arbitrage
between the two conpeting harvest areas should cause ex-vessel prices to
move together. A nonlinear function of these two variables (i.e., CQHARVW

and EXPRT,) is used toestimte future EXPRWval ues.

0.2339~ 0.9580
EXPRWt': = 0.4523 QHARVWt EXPR’I“t (C.11)
(5.36) (3.92) (16.00).
R2 = 0.9775

Al though (C 11) is a naive specification of supply (e.g., harvest costs
are ignored), it had both statistical significance and excellent goodness of

fit properties as evidenced by R. Equation (C 11) also was very accurate
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in predicting historical observations of EXPRWThe esti mted
relationship was added directly to the equation systemfor all future
simul ations because EXPRW is specified as a function of two current

endogenous vari abl es.

Quantity Harvested Per Day CQutside Area T (QHVDAY,)

The average quantity of king crab harvested per day in the other areas
(reported in thousand pounds per day) not only neasures potential dockside
congestion, but also reflects daily production fromthe fleet. (Qperators
nmake deci sions about where and how hard they are going to fish. These
deci sions are based primarily on revenue expectations and the cost of
operation. In this specific case, QHWAY, was nodel ed as a nonlinear
function of the relative ex-vessel price difference between area Wand t he
conpeting area T (i.e., EXPRW - EXPRT,), quantity harvested in area W
(QHARWY) , an expectation of harvest in area T quantified by the Bristol Bay
harvest guideline (GU DE), and a cost nmeasure based on the prinme interest
rate (INTR). An indicator variable (IND8292) also was included marking al
time periods beyond 1981 to reflect a possible structural change as to where
operators fished. The rapid decline in QHARVT, observed in 1981 (and
persisting in 1982) forced operators to explore alternative fishing areas.
Sone operators are expected to stay in these new areas despite future

potential increases in area T stocks. Thus, |ND8292 reflects the pernanent

"The estimated t-value for the constant term tested the nul
hypothesis around 1.0. Al other t-values refer to tests around zero
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shift away fromarea T by some operators in response to the 1981 downturn in
HARVTY,. The nonlinear |east squares estimate of QHWDAY, that yielded the

best overall fit is given by (C 12).¥

(0.20348 (EXPRW_ --EXPRTt),-»O;00626‘GUIDEL

QHWDAY = 1.56378 e (C.12).
(0.22))  (1.39). (-2.58);
- 0.62467 IND8292) ~-0.49097 0.95304
INTR, QHARVW_
(-1.30) | (-2.99) (2.50)

R = 0.8845

This equation was added to the sinulation nodel due to the presence of

current endogenous variables as explanatory elenents.

King Crab Processing Facilities (PLANTS)

The number of plants processing raw king crab throughout Al aska each.
season depends, in part, on the existing plant stock in the previous season
( PLANTS;.;) expected plant revenues, and total harvest expectations. In
this case, expected revenues can be neasured by the |agged margin between.
average whol esal e and ex-vessel prices( WIAVP,_; -AVEXPR..,), while

antici pated harvest can be proxied by the conbined Bristol Bay harvest

¥statistical significance of the constant term (i.e., 1.56378) was
based on the null hypothesis around 1.0. Al other t-statistics reported
for (C 12) refer to tests around zero.
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gui deline (GU DE) and QHARVW._, The nonlinear |east squares estinate of

the PLANTS, relationship is given-by (C. 13)?

(0:.45658)" 0.53575:
PLANTS = 1.68246 PLANTS,_ _, (WTAVP,__, - AVEXPRt_l) (C.13)
(07:.73)- (2.51)" (2.73);
0.23598.
(QHARVW,__. + GUIDE,) - 17.37247 DUMB3"
‘ (2.28) (-2.05).
r% = 0.8732

IND83 was included to reflect the 1983 structural break caused by the
Bristol Bay season closure. Equation (3.13) was added directly to the
simulation framework given the presence of explanatory endogenous vari abl es

in the equation.

Processed Sections Exported (SECTEXP,)

Section exports were treated exogenously in the original bioecononic
framewor k because of inadequate foreign demand data, but a naive behaviora
relationship is used for future market sinulation. Section exports
historically were proportional to domestic. section consunption. (SECTCONS),
averagi ng 19.9% of all sections consumed in the United States. This
proportional relationship serves to predict future exports and is

incorporated into the partially reduced formof the sinmulation nobdel

YStatistical significance of the constant term was tested around 1.0.
Al other t-values were based on tests around zero.
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Table D.I. --Simulation results for the future nmanagenent
scenario restricting all harvest of 8-year-old
male king crab (i.e., SIZELIM = 0), 1985-92..

Table D.l.--Simulation results for the future management
scenario restricting all harvest of 8-year-ocld
male king crab (i.e., SIZELIMy = 0), 1985-%92.

Variables 1985 1986 1987 la88

PSECT 10.248 11.164 11.287 11.552
PMEAT 0.000 0.000 0.000 0.000
WTAVP 10.248 11.164 11.287 11.552
SECTHOLD 17.884 20.267 19.972 26.836
SECTPROD 21.715 12.939% 27.738 48.740
SECTSUP 13.881 10.555 28.033 41.876
SECTEXP 2.304 1.752 4.653 6.950
SECTCOCNS. 11.577 8.803 23.381 34.926
QHARVUS 21.715 12.939 27.738 48.740
QHARVW 19.186 5.279 8.135 15.500
QHARVT 2.529 7.660 19.604 33.239
POTLIFTS 0.063° 0.097 0.148 0.212
WPUE 40.142 78.820 132.100 156.869
VESSELS 53.616 61.645 84.266 115.298
EXPRT 3.005 3.826 4.091 4.423
EXPRW 2.590 2.414 2.848 3.569
AVEXPR 2.639 3.250 3.727 4.152
QWDAY 40.015 9.965 13.596 29.974
FEMS5 5.929 26.841 19.400 30.809
FEM614 7.361 2.628 22.962 12.932
FEM514 13.289. 29.469 42.362 43.740
MALES 9.683 36.133 13.107 26.261
MALE6 15.151 7.470 20.902 17.046
MALE7? 12.442 11.981 4.491 19.677
MALES 15.379 15.460 16.840 6.324
MALE914 8.628 27.632 52.866 75.599
MALES514 61.282 98.676 108.205 145.406
FM514 814.400 2907.800 4583.800 6360.100
LEGALS 10.582 27.632 52.866 75.599
NONLEGALS 63.990 100.513 97.702 113.54s8
PLANTS 62.052 71.814 73.702 79.543
GUIDE 3.175 8.290 15.860 22.680
DAYS 7.000 7.000 7.000 7.000
QHARDP 1.248 9.078 26.909 40.832
QHTDAY 361.200 1094.300 2800.500 4748.500
REVW 49.700 12.741 23.167 55.315
REVT 7.599 29.305 80.205 147.031
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Table D.|1. --Conti nued.

Variables. 1989 1990 1991 1992
PSECT 12.274: 12.467 13.214. 10.955
PMEAT 0.000 0.000 0..000. 0.000
WTAVP 12.274 12.467 13.214 10.955
SECTHOLD 27.441 30.154 35.100 36.374
SECTPROD 44.302: 62.206 65.705 142.140
SECTSUP 43.697 59.494- 50..759. 140..866:
SECTEXP 7.252. 9..874. 10..084%- 23...380:
SECTCONS: 36.444 49.620 50.675: 117.487
QHARVUS. 44.302 62.206 65.705: 142.140
QHARVW’ 12..706¢ 15.286 15..054 33.143:
QHARVT 31.597 46.920 50.652 108.997
POTLIFTS 0.241 0.353 0.437 0.875
WPUE 131.239 132.873 115.812 124.570
VESSELS 131.499 190.805 240.775 544.498
EXPRT 4.688 5.061 5.481 5.198
EXPRW 3.602 4.047 4.352 4.975
AVEXPR 4.377 4.812 5.222 5.1486
-QWDAY 22.985. 26.587 28.542 58.503
FEMS 22.996- 25.382. 22.926 33.835
FEM614. 30,431 69:.383 111..112 164..217°
FEM514: 53..426: 95,265 134.038: 198.052
MALES- 32.862: 35.610 32.780" 42.836.
MALES6. 35.596:- 23.254. 26-.414. 23.156..
MALE7: 19.854: 5§2.091 23..008. 28..788:
MALES: 30..72%. 30.242: 87.701 28.788:
MALE914- 77.432 103.262 106.311. 154.454
MALES14 196.469 254.460 276.214 278.022
FMS514 10496.600 24241.200 37023.100 55062.300.
LEGALS 77.432 103.262 106.211 154.454.
NONLEGALS 172.463 246.463 303.940 321.620
PLANTS 85.933% 94.832 99.341 110.493
GUIDE 23.230 30.979 31.893 46.336
DAYS: 7.000: 7.000 7.000 7.000
QHARDP 37..540. 53.382 56.217 108-..188
QHTDAY 4513.800 6702.900 7235.900 15571.000
REVW 45.762 61.862 65.513 164.890
REVT 148.137 237.477 277.602 566.529
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Table D.2. --Sinmulation results for the future managenent
scenario permtting only the largest. 12.7% of
8-7year-old male king crab to be harvested (i.e.,
SIZELIM = 0.1271), 1985-92.

Variables. 1985 ‘ 1986 1987 1988

PSECT’ 10.24¢% 11.138 11.228 11.561
PMEAT 0.000 0.000 0.000: 0.000
WTAVP 10.248 11.138 11.228 11.561
SECTHOLD 17.884 20.299 20.063 26.838
SECTPROD. 21.715 13671 29.363 48..407
SECTSUP® 13,381 1l.256~ 29.599 41.632
SECTEXP~ 2.304 1.868¢ 4.913" 6.910
SECTCONS" 11.577 9.388" 24.686 34.722
QHARVUS: 21.715 13.671 29.363. 48.407
QHARVW- 19.186 5.23% 8.899 15.708-
QHARVT 2.529 8.436 20.463 32.700
POTLIFTS 0.063 0.100 0.151 0.209
WPUE 40.142 84.337 135.829 156.244
VESSELS 53.616 62.696 85.512 114.180
EXPRT ‘ 3.005 3.815 4.067 4.398
EXPRW 2.590 2.403 2.892 3.560
AVEXPR ‘ 2.639 3.274 3.711 4.126
QWDAY 40.015 9.849 14.981 30.509
FEMS. 5.929: 26.841. 19.400- 30.809
FEM614° 7.361 2.628¢ 22.962; 12.932-
FEMS514- 13..289% 295 469: 42.362: 43..740
MALES: 9.683 36.133: 13.107 26..261
MALE®" 15.151 7..470: 20.902. 17.046-
MALE7" 12,442 11.981 4,491 19.877
MALES. 15.379 15.460. 16.840: 6.824
MALE914 8.628" 27.632; 52.062 73.876
MALES14" 61.282 98.676 107.402" 143.683
rMS1l4 814:.400:- 2907..300: 4549.800. 5284.800
LEGALS 10.582 29.597 54.202 74.743
NONLEGALS 63.990 98.548 95.561 112.681
PLANTS 62.052 72.17% 73.905 79.705
GUIDE 3.175 8.879. l16.261 22..423
DAYS 7.000 7.000 7.000 7.000
QHARDP" 1.248- 10.356 27.628 39.715%
QHTDAY 361.200 1205.100 2923.300 4671.400
REVW 49.,700 12.578 25.734 55.922

REVT 7.599 32.185 - 83.217 143.818
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Tabl e D. 2. --Conti nued.

Variables 1989 1990 1991 1992
PSECT 12.180 12.396 12.858 11.298
PMEAT 0.000 0.000 0.000 0.000
WTAVP 12.180 12.396 12.858 11.298
SECTHOLD 27.541 30.259 35.426 36.093
SECTPROD 46.867 64.075 75.248 132.541
SECTSUP 46.164 61.357 70.081 131.875
SECTEXP 7.662. 10.184 11.632 21.888
SECTCONS- 38.502 51.174 58.450 109.987
QHARVUS 46.867 64.075 75.248 132.541
QHARVW: 13.366. 16.462 18.108 33.171
QHARVT 33.501 47.612 57.140 99.370
POTLIFTS 0.247 0.355 0.469 0.807
WPUE 135.683 134.138 121.937 123.076
VESSELS 134.681 192.817 260.742 501.574
EXPRT 4.671 5,004 5.371 5.115
EXPRW 3.632 4.073 4.457 4.900
AVEXPR 4.375 4.765 5.151 5.061
QWDAY. 24.233 28.989 35.087 59.450
FEMS 22.996 25.382 22.926 33.835
FEM614. 30.431 69.883 111.112 164.217
FEMS14 53.426 95.265 134.038 198.052
MALES 32.862 35.610 32.779 42.836
MALE6 35.596 23.254 26.414 23.156
MALE7 19.854 62.091 23.008 28.788
MALES 30.725 30.242 87.701 28.788
MALE914 76.206. 100.020 102.236 143.512
MALES514 195.243 251.218 272.138 267.080
FM514 10431.100 23932.300 36476.900 52895.700
LEGALS 80.111 103.864 113.383 147.171
NONLEGALS | 168.558 242.619 292.794 317.961
PLANTS 86.754 95.076 100.888 109.496
GUIDE 24.033 31.159 34.015 44.151
DAYS 7.000 7.000 7.000 7.000
QHARDP 39.513 53.238 61.524 97.336
QHTDAY 4785.800 6801.800 8162.900 14195.800
REVW 48,542 67.053 80.712 162.550
REVT 156.484 238.251 306.912 508.295
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Table D.3. --Sinulation results for the future nmanagenent
scenario pernmtting only the largest 25% of
8-year-old male king crab to be harvested (i.e.,
SI ZELIM = O 25), 1985-92.

Variables

1985 1986 1987 1988
PSECT 10.248 11.106 11.169 11.571
PMEAT 0.000 0.000 0.000 0.000
WTAVP 10.248 11.1086 11.169 11.571
SECTHOLD 17.884 20.336 20.154 26.840
SECTPROD 21.715 14.543 3J0.964 48.050
SECTSUP 13.881 12.091 31.146 41.364
SECTEXP 2.304 2.007 5.169 6.865
SECTCONS 11.577 10.084 25.977 34.498
QHARVUS 21.715 14.543 30.964 48.050
QHARVW 19.186 5.328 9.665 15.897
QHARVT 2.529 9.215 21.299 32.153
POTLIFTS 0.063 0.103 0.153 0.207
WPUE 40.142 89.689 139.445 155.598
VESSELS 53.616 63.731 86.706 113.024
EXPRT 3.005 3.805 4.040 4.373
EXPRW 2.590 2.406 2.929 3.551
AVEXPR 2.639 3.292 3.693 4.101
QWDAY 40.015 10.009 16.383 31.006
FEM5 5.929 26.841 19.400 30.809
FEM614: 7.361 2.628: 22.962 12.932
FEM514 13.289 29.469 42.362 43.740
MALES: 9.683 36.133 13.107 26.261
MALES6. 15.151 7.470 20.902 17.046
MALE7 12.442 11.981 4.491 19.677
MALES 15.379 15.460 16.840 6.824
MALES14 8.628 27.632 51.255 72.175
MALES14 61.282 98.676 106.595 141.982
FM514 814.400 2907.800 . 4515.600 6210.400
LEGALS 10.582 31.497 55.465 73.881
NONLEGALS 63.990 96.648 93.492 111.842
PLANTS 62.052 72.518 74.193 79.913
GUIDE 3.175 9.449 16.639 22.164
DAYS 7.000 7.000 7.000 7.000
QHARDP 1.248 11.553 28.278 38.591
QHTDAY 361.200 1316.400 3042.700 4593.300
REVW 49.700 12.822 28.312 56.446
REVT 7.599 86.036 140.613

35.061
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Table D. 3. --Conti nued.

Variables 1989 1990 1991 1992
PSECT 12.087 12.329 12.493" 11.616
PMEAT 0.000 0.000: 0..000 0.000
WTAVP 12.087 12.329 12.493 11.616
SECTHOLD 27.640 30.359 35.760 35.843
SECTPROCD 49.406 65.840. 85.068 123.626
SECTSUP 483.606. 63.121. 79..6677 123..543.
SECTEXP 8.067 10-476: 13.222. 20.505.
SECTCONS: 40.539 52°.645- 66.444 103.038:
QHARVUS 49.406 65.840 85.068 123.626
QHARVW: 14.008" 17.605. 21.207 33.525.
QHARVT 35.398: 48.235 63.861 90.102
POTLIFTS 0.253 0.35€6 0.499 0.744
WPUE. 140.015 135.339 127.865 121.126
VESSELS 137.753 194.620 281.028 462.188
EXPRT 4.654 4.948 5.261 5.024
EXPRW 3.659 4.093 4.534 4.828
AVEXPR 4.372 4.719 5.080 4.971
QWDAY 25.446 31.355 41.831 61.151
FEMS. 22.996 25.382 22.926 33.835.
FEM614- 30.431: 59-.883- 111.112 164..217
FEMS514. 53.426: 95.265 134.038. 198..052.
MALES: 32.362 35.610 32.779 42.836:
MALES6. 35.596. 23.254. 26.414. 23.156-
MALETY: 19.854 62.091 23..008" 28.788:
MALES: 30.725" 30..242 87.701. 28.788.
MALES914 75.011 96.316 98.272 132.445
MALES14 194.047 248.014 268.174 256.013.
FM514. 10367.200 23627.100 35945.600. 50703.90Q0
LEGALS 82.692 104.377 120.197 139.642.
NONLEGALS 164.781 238.903 282.015 314.423
PLANTS 87.571 95.285 102.302 108.261
GUIDE 24.808 31.313 36.059 41.893
DAYS 7.000 7.000 7.000 7.000
QHARDP: 41.456 53.069 67.047 36.806
QHTDAY 5056.900 6890.800 9122.900 12871.600
REVW. 51.257 72.059 96.162 161.870
REVT 164.755 335.993 452.644

238.666
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Table: D.4.--Sinmulation results for the future managenent
scenario permtting only the largest 50% of
8-year-old mal e king crab to be harvested (i.e.,
SIZELIM, = QO50), 1985-92.
Variables: 1985- 1986 1987 1988
PSECT" 10.248" 11.027 .11.045" 11.594.
PMEAT 0. 000 0..000- 0..000- 0.000
WTAVP 10.248" 11.027 11.045 11.594
SECTHOLD 17.884 20.428 20.348 26.840
SECTPROD 21.715 16.703. 34.303 47.243
SECTSUP 13.881 14.158 34.384. .40.750.
SECTEXP 2.304. 2.350 5.707 6.763.
SECTCONS. 11.577. 11.808 28.677 33.987:
QHARVUS: 21.715 16.703 34..303" 47.243
QHARVW 19.186 5.813 11.295 16.272.
QHARVT: 2.529¢ 10.890: 23.008: 30..971
POTLIFTS 0.063 0.108 0.157 0.201
WPUE 40.142 100.646 146.833 154.126
VESSELS 53.616 65.887 89.089 110.497
EXPRT 3.005 3.783 3.977 4.322
EXPRW 2.590 2.442 2.993 3.530
AVEXPR 2.639 3.316 3.653 4.049
QWDAY 40.015 10.924 19.410 32.013
FEMS 5.929 26.841 19.400 30.809
FEM614. 7.361. 2.628. 22.962. 12.932
FEMS14 13.289" 29.469. 42,362 43..740:
MALES: 9..683" 36.133° 13.107 26..261.
MALES6. 15.151 . 7.470: 20.902: 17..046-
MALE7 12.442 11.981 4.491 19...677"
MALES: 15.379: 15.460- 16.840x 6..824"
MALE914 8.628¢ 27.632 49.520. 68.607
MALES14. 61.282 98.676- 104..860. 128.414
FM514 814.400 2907..800 4442.100 6054-.300.
LEGALS 10.582: 35.362 57.940 72..019
NONLEGALS 63.990 92.783: 89.282 110.136
PLANTS 62.052 73.201 74.941 80.424
GUIDE 3.175 10.609 17.382 21.606
DAYS 7.000 7.000 7.000. 7.000
QHARDP 1.248 13.908 29.504 36.202
QHTDAY 361.200 1555..700. 3286.900: 4424400
REVW 49.700 14.195 33.803 57.438
REVT 7.599 41.191 91.501 133.850
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Variables 1989 .1990. 1991 1992
PSECT 11.891 12.197 11.678 12.208
PMEAT 0.000. 0.000 - 0.000 0.000
WTAVP 11.891 12.197 11.678 12.208
SECTHOLD 27.847 30.561 36.501 35.420
SECTPROD 54.763 69.302 106.981 106.926
SECTSUP $3.755 66.589 101.041 108.006
SECTEXP- 8.922 11.052 16.770: 17.926.
SECTCONS 44.833 55.537 84.271 90.080
QHARVUS 54.763 69.302 106.981 106.926
QHARVW: 15.335 19.954 28.033 35.337
QHARVT 39.428 49.348 78.948 71.588
POTLIFTS 0.265 0.358 0.563 0.621
WPUE 148.949 137.714 140.103 115.275
VESSELS 143.979 197.797 325.162 388.854
EXPRT 4.620 4.832 5.025 4.797
EXPRW 3.711 4.120 4.632 4.677
AVEXPR 4.365 4.627 4.922 4.758
QWDAY 27.954 36.317 56.914 67.387
FEMS 22.996 25.382 22.926 33.835
FEM614 30.431 69.883 111.112 164.217
FEMS514. 53.426- 95.265 134..038 198.052
MALES. 32.862 35.610 32.779 42.836
MALES6: 35.596 23.254 26.414 23.156
MALE? :19.854 62.091 23.008 28.788
MALES 30.725 30.242 87.701 28.788
MALE914 72.539 90.082 90.145 108.399
MALES1l4 191.576 241.280 260.047 231.967
FM514 10235.200 22985.600 34856.200 45941.400
LEGALS 87.902 105.203 133.995 122.793
NONLEGALS 157.100 231.342 260.090 307.226
PLANTS 89.276 95.624 104.969 104.912 .
GUIDE 26.371 31.561 40.198 36.828
DAYS 7.000 7.000 7.000 7.000
QHARDP 45.512 52.606 79.432 65.477
QHTDAY 5632.600 7049.700 11278.300 10226.900
REVW 56.905 82.212 129.840 165.271
REVT 182.148 238.451 396,714 343.428
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Table D.5. --simulation results for the future managenent
scenario permtting only the |argest 75% of
8-year-old male king crab to be harvested (i.e.,

SIZELIM = 0.75), 1985-92.

Variables 1985. 1986 1987 1988

PSECT 10.248 10.935 10.918 11.620
PMEAT 0.000 0.000 0.000 0.000
WTAVP 10.248 10.935 10.918 11.620
SECTHOLD 17.884 20.536 20.551 26.839
SECTPROD 21.715 19.235 37.744 46.372
SECTSUP 13.881 16.582 37.729 40.084
SECTEXP 2.304 2.752 6.262 6.653
SECTCONS 11.577 13.830 31.467 33.431
QHARVUS 21.715 19.235 37.744 46.372
QHARVW 19.186 6.544 13.015 16.665
QHARVT 2.529 12.690 24.729 29.706
POTLIFTS 0.063 0.114 0.160 0.195
WPUE 40.142 111.722 154.275 152.399
VESSELS 53.616 68.117 91.400 107.794
EXPRT 3.005 3.759 3.907 4.269
EXPRW 2.590 2.496 3.042 3.508
AVEXPR 2.639 3.329 3.609 3.996
QWDAY 40.015 12.335 22.661 33.081
FEMS 5.929 26.841 19.400 30.809
FEM614 7.361 2.628 22.962 12.932
FEM514 13.289 29.469 42.362 43.740
MALES 9.683 36.133 13.107 26.261.
MALE6 15.151 7.470 20.902 17.046
MALE?7 12.442 11.981 4.491 19.677
MALES 15.379 15.460. 16.840 6.824
MALE914 8.628 27.632 47.655 64.893
MALES14 61.282 98.676 102.995 134.700
FM514 814.400 2907.800 4363.100 5891.900
LEGALS 10.582 39.227 60.285 70.011
NONLEGALS 63.990 88.918 85.072 108.430
PLANTS 62.052 73.863 75.762 80.973
GUIDE 3.175 11.768 18.085 21.003
DAYS 7.000 7.000 7.000 7.000
QHARDP 1.248 16.250 30.653 33.722
QHTDAY 361.200°  1812.900 3532.700 4243.800
REVW 49.700 16.332 39.586 58.465
REVT 7.599 47.701 96.614 126.820
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Variables 1989 1990 1991 1992
"PSECT 11.684 12.071 10.7860 12.703
PMEAT 0.000 0.000 0.0Q0: 0.000
WTAVP 11.684 12.071 10.760 12.703
SECTHOLD - 28.065 30.758 37.329 35.140
SECTPROD 60.392. 72.579 131.686. 92.827
SECTSUP 59.166 69-.886. 125..115: 95.016
SECTEXP" 9.820: 11.599- 20..766: 13.770:
SECTCONS' 49.34¢6 58.287 103.349- 79.24¢
QHARVUS 60.392 72.579 131.686 92.827
QHARVW- 16.708- 22..348-: 35.639+ 38%.934.
QHARVT 43.684 50.231 96.047 53.893
POTLIFTS 0.276 0.359 0.628 0.508
WPUE 158.074 140.004 152.870° 106.162
VESSELS 150.148 200.227 372.870 324.844
EXPRT 4.584 4.713 4.770 4.509
EXPRW 3.758 4.131 4.661 4.509
AVEXPR 4.355 4.534 4.741 4.509
QWDAY 30.555 41.500 73.875. 78.483
FEMS 22.996 25.382 22.926 33.835
FEM6e14: 30.431 £§9.383" Iii1.112" 164.217
FEMS14. 53.426 95.265 134.038" 198.052"
MALES' 32.862, 35.610 32.779: 42.836
MALES6: 35.596. 23.254 26.414 23.156.
MALE?Y 19.854 62.091L 23..008:> 28.788
MALES 30.725 30.242 87.701 28.788
MALE914" 70.002 83.045 81.941 82.190
MALES14 189.039 234.243 251.844 205.758
FM514 10099.600 22315.200 33756.600 40750.800
LEGALS. 93.046 105.727 147.717 103.781
NONLEGALS 149.419 223.781 238.165 300.029
PLANTS 91.002 95.830 107.401 100.339
GUIDE. 27.914 31.718 44.315 31.134
DAYS 7.000 7.000 7.000 7.000
QHARDP: 49.698 51.957 93.365 44.875
QHTDAY 6240.600 7175.800 13721.000. 7699.000
REVW 62.785 92.323 166.115 175.539
REVT 200.241 236.755% 458.167 243.015
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for the future nmanagenent
8-year-old male king

crab to be harvested (i.e., SIZELIM = 1.0),
1985- 92.

Variables: 1985 1986 1987 1988:

PSECT 10.248 10.832 10.786 11.646-
PMEAT 0.000: 0.000: 0.000" 0.000
WTAVP 10.248 10.832. 10.786 11.646
SECTHOLD 17.884 20.657 20.763 26.837
SECTPROD 21.715 22.059 41.285 45.466
SECTSUP 13.881 19.28S; 41.179 39.392:
SECTEXP 2.304 3.201 6.835 6.538
SECTCONS 11.577 16.085: 34.345- 32.854
QHARVUS 21.715 22.059 41.285 45.466
QHARVW. 19:.186 7 .435 14.831: 17-..098:
QHARVT 2.529 14.624 26.454 28.368
POTLIFTS 0.063 0.119 0.164 0.189
WPUE 40.142 122.953 161.7380 150.376
VESSELS 53.616 70.422 93.624 104.962
EXPRT 3.005 3.734 3.831 4.215
EXPRW 2.590 2.555 3.078 3.487
AVEXPR 2.639 3.336 3.561 3.941
QWDAY 40.015 14.068 26.146 34.263
FEMS 5.929 26.841 19.400 30.809
FEM614 7.361: 2.628: 22.962. 122932
FEM514 13.289- 29..469: 42.362 43740
MALES- 9:.683: 36.133: 13.107 26..261
MALE6" 15.151 7.470: 20.902: 17.046
MALE7 12..442 11.981 4.491 19.677
MALES: 15.379 15.460 16.840: 6.824-
MALES14. 8.628" 27.8320 45,652 61.031
MALES14 61.282 98.676 100.992 130.839
FM514. 814.400 2907.800° 4278.200 5722.900
LEGALS: 10.582 43.092 62.492 67.855
NONLEGALS 63.990 85.053 80.862 106.724
PLANTS 62.052 74.507 76.567 81.511
GUIDE 3.175 12.928 18.748 20.357
DAYS 7.000 7.000. 7.000 7.000
QHARDP 1.248 18.653: 31.750 31.179
QHTDAY 361.200 2089.100 3779.100 4052.600
REVW 49,700 18.993 45,645 59.616
REVT 7.599 54.601 101.355 . 119.578
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Table D. 6. --continued.

Variables: 1989 1990 1991 1892
PSECT 11.468 11.952 9.731 13.058
PMEAT 0.000 0.000 0.000 0.000
WTAVP 11.468 11.952 9.731 132.058
SECTHOLD 28.295 30.950 38.252 35.053
SECTPROD 66.308 75.656 159.396 82.510
SECTSUP 64.850 73.000 152.094 85.709
SECTEXP 10.763 12.116 25.243 14.225
SECTCONS 54.086. 60.884. 126.851 71.484
QHARVUS 66.308 75.656 159.396 82.510
QHARVW 18.138 24.797 44.096 45.080
QHARVT" 48.170 - 50.859 115.300 37.430
POTLIFTS 0.288 0.358 0.692 0.404
WPUE ‘ 167.441 142.213 166.567 92.645
VESSELS 156.223 201.826 423.673 270.027
EXPRT 4.546 4,592 4.496 4.152
EXPRW 3.800 2.000 4.628 4.311
AVEXPR 4.342 4.440 4.532 4.239
QWDAY 33.269 46.924 92.656 97.039
FEMS 22.996 25.382 22.926 33.835
FEM614. 30.431 69.883 111.112 164.217
FEM514 53.426 95.265 134.038 198.052
MALES 32.862 35.610 32.779 42.836
MALEG6- 35.596 23.254 26.414 23.156
MALE7 19.854 62.091 23.008 28.788
MALES 30.725 30.242 87.701 28,788
MALE914 67.388 75.692 73.674 53.683
MALES14 186.425 226.890 243.5786 177.252
FM514 9960.000 21614.700 32648.400 35105.000
LEGALS 98.114 105.934 161.375 82.471
NONLEGALS 141.738 216.221 216.239 292.832
PLANTS 92.728 95.895 109.643 94.318
GUIDE 29.434 31.780 48.412 24.741
DAYS 7.000 7.000 7.000 7.000
QHARDP 54.009 51.094 108.902 26.281
QHTDAY 6881.400 7265.600 16471.400 5347.200
REVW 68.929 102.371 204.098 194.329
REVT 218.968 233.545 $18.347 155.396
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Table D. 7. --Sinulation results for the future nanagenent
scenario permtting variable season |engths
and the largest 25% of 8-year-old male king
crab to be harvested, 1985-92.

Variables 1985 1986 1987 1988

PSECT 10.248 11.106 11.211 11.676
PMEAT 0.000 0.000 0.000 0.000
WTAVP 10.248 11.106 11.211 11.676
SECTHOLD 17.884 20.336 20.095 26.719
SECTPRQD 21.715 14.543 29.796 45.231
SECTSUP 13.881 12.091 30.037 38.607
SECTEXP 2.304 . 2.007 4.985 6.408
SECTCONS 11.577 10.084 25.052 32,199
QHARVUS 21.715 14.543 29.796 © 45,231
QHARVW- 19.186 5.328° 8.184 12.436
QHARVT 2.529 9.215 21.612 32.795
POTLIFTS 0.063 0.103 0.157 0.216
WPUE 40.142 89.689 137.842 151.895
VESSELS 53.616 63.731 86.706 112.599
EXPRT 3.005 3.805 4.037 4.390
EXPRW 2.590 2.406 2.816 3.365
AVEXPR 2.639 3.292 3.701 4.108
QWDAY 40.015 10.009 13.669 23.561
FEMS 5.929 26.841 19.400 30.809
FEM614. 7.361 2.628 22.962 12.932
FEM514 13.289° 29.469 42.362 43.740
MALES 9.683 36.133 13.107 26.261
MALE6 15.151 7.470 20.902 17.046
MALE?7 12.442 11.981 4.491 19.877
MALES 15.379 15.460 16.840 6.824
MALE914 8§.628 27.632 51.255 71.850
MALES514 61.282 98.676 106.595 141.657
FM514 814.400 2907.800 4515.600 6196.200
LEGALS 10.582 31.497 55.465 73.556
NONLEGALS 63.990 96.648 93.492 111.842
PLANTS 62.052 72.518 74.193 79.150
GUIDE 3.175 9.449 16.639 22.067
DAYS - 7.000 7.000 7.664 8.207
QHARDP 1.248 11.583 27.620 36.688
QHTDAY 361.220 1316.420 2819.980 3996.130
REVW 49.700 12.822 23.042 41.848

REVT 7.599 35.061 87.243 143.971
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Variables 1989 1990 1991 1992
PSECT 12.262 12.614 12.941 12.277
PMEAT 0.000 0.000 0.000. 0.000
WTAVP 12.262 12.614 12.941 12.277
SECTHOLD 27.417 30.001 35.296. 34.965
SECTPROD 44.711 58.219 73.200. 105.378
SECTSUP 44..013. 55.636 67.905 106.210°
SECTEXP 7.305. 9.234. 11.270- 17.628:
SECTCONS" 36.708 46.402 56.635 88.582
QHARVUS 44.711 58.219 73.200: 105.878
QHARVW 8.806 8.867 8.143 14.033
QHARVT 35.905 49.352 65.057 91.846
POTLIFTS 0.265 0.382 0.540 0.815
WPUE 135.257 129.127 120.490 112.665
VESSELS 136.447 192.436 275.246 448.443
EXPRT 4.706 5.030 5.401 5.244
EXPRW 3.318 3.542 3.717 4.104
AVEXPR 4.432 4.804 5.214 5.093
QWDAY 15.120 14.380 13.900 22.173
FEMS. 22.996. 25.382 22.926 33.835
FEM614. 30.431 69.883 111.112: 164.217
FEMS514 53.426" 95..265 134:..038° 198.052.
MALES: 32.862; 35.610° 32..779 42.836
MALES6: 35.596. 23.254 26.414" 23.156.
MALE7 19.854 62.091 23..008. 28.788: .
MALES 30.725 30.242 37.701 28.788
MALE914 74.009 95.254 95.497 128.331
MALES14 193.046 246.452 265.399 251.899
FM514 10313.700. 23478.300 35573.600. 49889.100
LEGALS 81.691 102.814 117.422 135.528
NONLEGALS 164.781 238.903 282.015 314.423
PLANTS 85.814 92.203 97.567 101.957
GUIDE 24.507 30.844 35.227 40.658
DAYS 8.451 9.084 9.523 10.066
QHARDP 39.795 49.970 62.248. 77.661
QHTDAY 4248.760 5432.620 6831.820 9124.480
REVW 29.213 31.408 30.269 57.586
REVT 168.966 248.256 351.385 481.607
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